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CHAPTEEXirr. 

THE SECEETION OP THE ADRENALS INT 
RESPIRATION. 

In tlic Tirst volume a succinct review of tlic functions of 
various ductless glands was submitted, along with, the recent cor- 
roborative evidence. The following chapters will bo devoted 
mainly to a more detailed study of my views as fonimlatcd in 
and 1JM)7 and a review of the data which h^l uf) to tliem. 

TIIK NE™ of a SKCRKTION TO A(TOrNT F01{ TIIK 
IIFSPI UATOK Y PR( )( ' KSS. 

While the blood of vertebrates — iishes, reptiles, birds and 
mammals — contains both white and red corpuscles, that of in- 
vertebrates, with very few exceptions, is not siii)])lied, w'ith the 
latter. Even the blood of Amphioxus, an animal classed among 
vertebrates, contains no red corpuscles. The presence of 
hamioglobin or luemocyanin in the plasma of various lower 
forms might bo said to afford a means for the absorption and 
<lisiribution of oxygen; but how are these functions fullilled? 

Again, as stated by driiliths,’ ‘‘the majority of Inverte- 
brata have white blood, ejj., the Insecta, Crustacea, ]\rollusca, 
etc.”; and yet, the intracellular prQcesses are hardly more 
sluggish in many of these than in animals far Jiigher in the 
phylogenetic scale. This clearly betokens a correspondingly 
active vital process sustained by active oxygenation. Indeed, 
there exists in these animals, as w'cll as in the colorless blood of 
any other organism deprived of red corpuscles or of blood-pig- 
ment, a substance endowed with (piite as marked an alTinity for 
oxygen as that shown by hsemoglobin in higlicr forms. What is 
the nature of this substance? 

The process of respiration is ascribed by physiologists to 
diffusion of gases, and to the alFinity of the luemoglobiii in the 
red corpuscles for oxygon, the red c(dls absorbing the gas from 
the plasma as it enters this fluid in order to carry it to all parts 

^ 1 Griffiths: “The Physiol, of the Invertebrates," p. 123, 1892. 

^ 2-1 ( 801 ) 
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of tlie body. This doctrine fails, however, to explain the respir- 
atory process in the largest division of the animal kingdom, 
the invertebrates just referred to. The absence of red cells 
and of their haemoglobin logically entails, in the present con- 
ception of respiration, absence of any agent in the blood having 
affinity for oxygen; and, unless it can be shown that diffusion 
alone will satisfy the needs of the process, it is evident that we 
are left with nothing to account for either the oxygen intake 
or the carbon dioxide output, or for the manner in which the 
tissues of these lower organisms carry on respiration. 

The weakness of the diffusion doctrine as an explanation of 
the respiratory process becomes apparent when we take into 
account the fact, emphasized by Paul Bert“ many years ago, 
that an animal will exhaust the oxygen in the air of its lungs 
even though this be reduced to one-half of one per cent. As 
stated by Mathias Duval,” this shows that ‘^absorption of oxygen 
by the blood occurs even though the pressure of this gas be al- 
most m//' Indeed, Miillcr observed that when strangulated, 
an animal exhausted all the air in its lungs of oxygen, while 
Setschenow and Holmgren,^ Zuntz” and others” found that “in 
the last stages of asphyxia tlie arterial blood contains only traces 
of oxygen thus showing that the tissues themselves absorlied 
this gas through a process of active reduction. 

Bohr,^ using an improved aerotonometer, sustained the 
conclusions of Kobin, iliillcr, Setschenow and Holmgren and 
other investigators to the effect that the diffusion doctrine did 
not satisfy the needs of the respiratory process. He found that 
the carbonic acid tension was often much lower in the arterial 
blood than in the alveolar air, and also that the oxygen ten- 
sion was higher, at times, in the arterial blood than in the 
latter. lie concluded, therefore, that the absorption of oxygen 
and elimination of carbonic acid were not due merely to dif- 
fusion, but to active processes where the blood meets the air, 
i,e,, in the pulmonary alveoli. Haldane and Ijorrain Smith** 


* Paul Bert: C.-r. de I’Acad. dea Scl.. Oct. iSS. 1878. 

* Mathias Duval: “Coura de physiol./’ seventh edition, p. 440, 1892. 

* Setschenow and Holmgren: Cited by Ludwig: Wiener med. Jahrh., Jahrg. 
xxi, Bd. i., S. 146. 1865. 

sZuntz: Hermann’s “Handbuch," Bd. Iv, Th. 2, S. 43, 1^. 

•Pembrey: Sch&fer’s "T. B. of Physiol.,” vol. 1, p. 766, 1898. 

»Bohr: Skandln, Archlv f. Physiol., S. 236, 1891. ^ 

* Haldane and Lorraln Smith: Jour, of Physiol., vol. zxti, No. 3, p. 231, 1897. 
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confirmed Bohr^s results. They reached the conclusions that 
^^the normal oxygen tension in the arterial blood is always, 
higher than in the alveolar air; and is in some animals even 
much higher than in the inspired air,” and that ‘^the absorption 
of oxygen by the lungs thus cannot be explained by diffusion 
alone.” Moreover, they observed that active absorption of oxy- 
gen continued when the oxygen in the alveolar air was arti- 
ficially increased, the oxygen tension in the blood increasing al- 
most proportionally. This obviously shows that the blood 
contained some substance which actively reduced the air. 

Again, therefore, are we brought to the need of some sub- 
stance in the lungs capable of absorbing oxygen. 

Additional evidence to this effect has been contributed by 
Vaughan Harley.® This observer found that when “one pleural 
space was filled up so that the lung on one side was compressed, 
the rate of breathing was increased, and more air was breathed 
per minute by the active lung than was previously breathed by 
the two lungs together.” This was accompanied “by an in- 
crease in the quantity of oxygen absorbed and of carbonic acid 
eliminated by the animal, the two being increased pari passu, 
so that the respiratory quotient, as a rule, was not altered.” 
After showing experimentally that this could not be ascribed 
either to an increased rate of respiration alone, to an increase in 
the temperature, or to displacement of the heart, he concluded 
that “the only explanation which appears to be satisfactory 
is that we accept the theory of Bohr.” 

Bohr^s views have met with considerable opposition, 
though strongly sustained by the comprehensive experiments 
of Haldane and Smith, Vaughan Harley and older investigators, 
the antagonism being based on the fact that the gasometric ex- 
periments of some observers failed to confirm his results. This 
objection would have weight did the results recorded by Bohr^s 
opponents agree. But such is not the case ; Pembrey,'® for in- 
stance, refers to them as being ^^very discordant.” 

This is accounted for, it seems to me, by the fact that gaso- 
metric methods do not provide for the absorption of oxygen 
by other constituei^ts of the blood. That the relative volume 


•Vaughan Harley; Jour, of Physiol., vol. xxv, No. 1. p. 33. 
" Pembrey: Sch&fer’s “T. B. of Physiol./* yol. 1. p. 776, 1898. 
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of this gas must be decreased while the blood is in transit to 
tne aerotonoincter is suggested by Pfliiger’s” observation that 
arterial blood used up a portion of its own oxygen on leaving the 
animars vessels. “The blood contains/^ says Schafer,^** “a 
substance or substances (‘reducing substances^ of Pfliiger) which 
greedily appropriate any free oxygen which may be present in 
the plasma^ and are even capable of abstracting the oxygen 
which is combined with haemoglobin, so that arterial blood 
rapidly becomes converted into venous blood, when it is not 
exposed to the access of fresh oxygen. It is not known upon 
what substance or substances these proj^erties dejiend.” Vari- 
ous factors thus come into play which investigators have not 
taken into account:— the dimensions of the tube between the 
animal and the instrument, the friction to which the blood is 
subjected therein, the time elapsed while it is in transit, etc., 
all of which are quite sufficient to account for the discordant 
results obtained. Of course, this applies to Bohr’s observations 
as well, but as with his tonometer “a constant and rapid stream 
of arterial blood could be maintained,’^ while his oxygen ratios 
exceed those of his opponents, the probability that his results 
are more exact than theirs is apparent. 

In fact, Landois, in his well-known iext-boak,^“ re- 
jects the diffusion doctrine totally. “The absorption of oxy- 
gen from the alveolar air for the purpose of oxidation of tlio 
venous blood in the pulmonary capillaries,” says this physiolo- 
gist, “is a chemical process, as the gas-free hannoglobin in the 
lungs takes up oxygen to form oxyhannoglobin. That this ab- 
sorption depends, not on diffusion of the gases, but on the 
atomic combination pertaining to the chemical process, is shown 
by the fact that the blood does not take up more oxygen when 
the pure gas is respired than when atmospheric air is respired; 
further, that animals that are made to breathe in a small, closed 
space will absorb into their blood all of the oxygen but traces, 
to the point of suffocation. If the respiratory absorption of 
oxygen were a diffusion-process, much more oxygen would have 
to be taken up in the first case in accordance with the partial 


Pfltiger: 
« Schftfer: 
13 Landois: 
p. 239. 1906. 


Centralbl. f. d. med. WlBsen., Bd. v. S. 321, 1867. 

IjOC» dt., vol. 1. pp. 162 and 153. 1898. 

“T. B. of Physiol.,** 10th Amer. Ed., edited by A. P. Brubaker, 
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pressure of the gas; while in the latter case such an extensive 
absorption could not take place." 

Another series of experiments, performed by Bohr and 
Henriques,^* further emphasizes the presence in the alveolar 
walls of a substance capable of absorbing the atmospheric oxy- 
gen. Mechanical obstruction of the aorta, if the procass had 
been one of diffusion, should have soon inhibited greatly the 
respiratory exchanges. These investigators found not only 
that the exchanges were not as markedly inhibited as is gener- 
ally believed, but that when, in addition to the aorta, the main 
branches given off by this vessel were closed, the respiratory 
exchanges were sometimes increased. They reasoned that the 
absorption of oxygen was due to the presence in the blood of 
substances ** having greater avidity for oxygen than the blood 
itself That the increased absorption was due to the fact that 
obstruction of the efferent blood-paths caused the oxyphilc sub- 
stance to accumulate in the lungs, is self-evident. 

On the whole, it seems plain that the respiratory process is 
carried on through the intermediary of some substance capable 
of tahing up the oxygen of the pulmonary air. But it is in this 
connection that Bohr’s views have met their only true obstacle, 
lie finally proved the important facts, which several experi- 
menters had previously emphasized, that simple diffusion did 
not account for the respiratory process and that a powerful re- 
, ducing secretion was necessary; but he did not reveal the identity 
ot* this p.ccretion nor the manner in which it carried on its func- 
tions. 

This is precisely the function I have found the secretion 
of the adremils to fulfill. 

TUh: ADRENAL SECRETION AS THE nT/)OD CONSTITUENT 
WIEICH TAKES UP THE OXYGEN OF THE AIR. 

Bohr suggested that the pulmonary cells took an active 
part in the absorption of oxygen and the elimination of car- 
bonic acid gas, basing his hypothesis on the corresponding phe- 
nomena observed in the air-bladder of fishes. In 1897, in a 
paper written in conjunction with Henriques,” he deemed it 


M Bohr and Henrlques: Arch, de physiol., T. lx, pp. 459 and 819. 1897. 
” Bohr and Henrlques: IMd., T. ix, p. 819, 1897. 
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demonstrated that the lungs, ^^presumably by means of a kind of 
internal secretion/" could ‘‘modify the blood^s holdings in oxygen 
and subsequently the distribution of oxygen to the corpuscles 
and plasma/^ 

My own conclusion that the secretion of the adrenals ful- 
filled this all-important function was suggested by the reducing 
properties of adrenal extractives. Vulpian nearly fifty years 
ago’® observed that the expressed juice of the adrenals gave 
ferric chloride an emerald-green color — the result of the 
juicers ailinity for oxygen, the brownish ferric salt being con- 
verted into the green ferrous salt. When suprarenal extracts 
came into general use they were found to be endowed with 
the same property. Moore’’ not only found them to be power- 
ful reducing substances, but Cybulski’® observed that even weak 
solutions of potassium permanganate destroyed the activity of 
suprarenal extract, the salt doubtless yielding its oxygen. 13at- 
telli,’® moreover, found that the activity of adrenalin did not 
become manifest “in the absence of oxygen.^’ Abel, Takamine 
and other chemists have laid considerable stress on this prop- 
erty, Takamine emphasizing the fact that an aqueous solution 
of adrenalin becomes oxidized by contact with the air. 

Inasmuch as the adrenals secrete their product into the 
blood of the suprarenal veins which open into the inferior vena 
cava, their secretion must necessarily find its way {via the 
heart) to the lungs. Again, since the blood of the inferior , 
cava meets that of the superior cava in the right auricle, all 
the blood of the organism, when about to be exposed to the air, 
cannot but be supplied with a given proportion of adrenal secre- 
tion and be evenly distributed by the venous blood among the 
seven hundred millions of air-cells that the lungs contain. 

Proof that the seerjetion of the adrenals actually passes up- 
ward by the inferior cava and that once in the lungs it takes part 
in the respiratory process, is strikingly furnished by the experi- 
ments of Bohr and Ilenriques,*® although these observers in no 
way refer to the adrenals. They found, as we have seen, that 
when the aorta and the main vessels given off by this great trunk 

Vulpian : C. r. de 1* Acad, des act. de Paris, Sept. 29, 1866. 

” Moore: Jour, of Physiol., vol. xvli. p. xlv, 1894-95. 
la Cybulskl: Gazeta Lekarska, Mar. 23. 1^. 
iBBattelll: C. r. de la Soc. de blol., T. lly, p. 1485, 1908. 

” Bohr and Henrlques: Loc. eit. 
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were closed^ the respiratory exchanges were often increased — 
evidence that an accumulation of the oxyphile secretion had 
occurred in the lungs. Now, matters were reversed when they 
also closed the only channel through which the secretion passes 
upward, i.c., the inferior vena cava. “It is only when, along 
with all other arteries (excepting the coronary arteries),” write 
these investigators, “the vena cava [above the adrenals as 
shown by the report of their experiments] was also omitted 
from the circulation, that the exchanges dropped to the mini- 
mum.” 

The well-known action of adrenal extractives on the heart 
affords tangible proof of the passage of this secretion through 
the cardiac cavities. 

The investigations of recent years tend to sustain the view 
that the hearths power to contract rhythmically is distinctly a 
property of the cardiac muscle. Small pieces of the ganglion- 
free apex of the frog’s heart, strips of the ventricle of the tor- 
toise, etc., will beat rhythmically a long time when placed in 
suitable media, blood serum or artifically prepared fluids, saline 
solution, etc., especially if these contain calcium and potassium 
salts, and if they are kept supplied with oxygen under pres- 
sure. Yet “it must also be borne in mind,” writes Stewart,®^ 
“that when we have localized the essential mechanism of the 
rhythmical contraction in the muscle of the heart, we have still 
to ask whether this mechanism is not put into action by some 
stimulus external to the muscle.” My investigations have led 
me to ascribe this function to the secretion of the adrenals. 

Over sixty years ago, Brown-Sequard“^ emphasized the im- 
portance of the venous blood in cardiac dynamism. While ad- 
mitting that arterial blood tended to promote the contractile 
power of the cardiac muscle, he contended that the contractions 
were due to a stimulating action of the venous blood. The 
erroneous belief that COj was the energizing agent soon caused 
this view to be antagonized successfully. When the COj is left 
out of the question, however, it becomes evident that the blood 
of the inferior vena cava does contain a principle capable of 

Stewart: “Manual of Ph 78 lolog 7 ,** fourth edition, p. 131, 1900. 

** Brown-Sdquard: “Experimental ReaearcheB applied to Physiology and 
Pathology,’* p. 104, 1868. 
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contracting the heart-muscle. Oliver and Schafer®^ and others 
have demonstrated conclusively that intravenous injections of 
adrenal extract produce ‘^a powerful physiological action upon 
the muscular system in general^ but especially upon the mus- 
cular walls of the blood-vessels, and the muscular wall of the 
hcart.^^ My own researches on the ox hearf'^'^ have led me to 
conclude that some of the adrenal secretion which enters the 
heart with the blood of the inferior vena cava — which contains 
of course only reduced oxyhannoglobin — penetrates into the 
myocardium by way of the 'J'hebesian foramina and that it plays 
a leading part in cardiac contraction. Mousset-® also contends 
that the adrenal secretion acts directly on the heart muscle. 
As the adrenal secretion inevitably enters the heart with the 
blood of the inferior vena cava, it is difficult to conceive how 
it can fail to influence cardiac dynamism. 

This accounts not only for the experimental results re- 
corded by llrown-Scquard, but also for the now well-known 
powerful action of adrenal extractives in the various forms of 
cardiac adynamia shown by Keichert,***" Crilc,“^ Martin and Pen- 
nington,-* and others. Moreover, Beaman Douglass'-® found 
that when the ventricles of a iurtlc’s heart were detached from 
its auricles and left in the open air, they began to beat at once 
when immersed in a 0.001 suprarenal solution. This shows that 
its action on the heart is independent of the nervous supply of 
this organ, a fact also suggested by the increase in force of the 
contractions which occurs, as emphasized by Wallace and 
Mogk,*® when ^‘the vagus influence is removed.” 

That the adrenals supply to the blood of the inferior vena 
cava a substance capable of provoking the phenomena obtained 
by intravenous injections of adrenal extractives is also fully sus- 
tained experimentally. Considerable evidence to this effect 
has already been submitted in the first volume. A summary of 
this evidence, enriched by facts found in literature since, may 
prove helpful at this stage. 

Oliver and Schafer: Jour, of Physiol., vol. xvl, p. I, 1894; and vol. xvli, 
p. lx. 1895. 

Cf. vol. i, pp. 421-454 of the first three editions. 

‘•n Mousset: "Les prluclpesi actlfs des cap. aurrdnales,” 1903. 

Reichert: Unlv. of Penna. Med. Bull., Apr., 1901. 

37 Crile: Doston Med. & Surg. Jour., Mar. 6, 1913. 

3** Martin and Pennington: Amer. Med., Nov. 21, 1903. 

3® Beaman Douglass: Amer. Jour. Med. Scl., Jan., 1905. 
a® Wallace and Mogk: Amer. Jour, of Physiol., vol. 11, 'p. v, 1899. 
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Gottschau®^ observed in histological preparations of the 
adrenals that protoplasmic masses projected from the medullary 
cells into the central vein of the organ, and that very slight 
pressure upon the latter would cause blood containing these 
masses to issue from it. They then assumed the aspect of 
bright, intensely refractive and colorless granules, which, 
singly or in clumps of fifteen or twenty, were contained in the 
blood issuing from the organ. Manasse““ also noticed that hya- 
line masses were secreted by rows of cells in the medullary 
canal of the adrenals and that they then passed into the ves- 
sels of the latter. A similar observation was recorded by 
Auld,*® who refers to the secretion as a colloid. Stilling®* 
found the granules referred to by Gottschau not only in the 
cortical and medullary layers, but also in the tissue Spaces. 
Pfaundler®® discovered similar granules in the lumina of the 
adrenal vessels and in the suprarenal vein where it opens into 
the vena cava. 

Again, Cybulski and Szymonowicz®® having convinced them- 
selves of the correctness of Brown-Sequard’s conclusion that in 
animals from which both adrenals had been removed, the en- 
suing symptoms could all be arrested by intravenous injections 
of extracts of the glands, ascertained experimentally that living 
adrenals secreted the substance which gave adrenal extracts 
their characteristic properties, and that blood drawn frojn the 
suprarenal veins produced effects similar to those that follow 
injections of these extracts. Langlois®^ was able to corroborate 
these results. They were also confirmed by Dreyer in a scries 
of experiments referred to below. Biedl®® ascertained that 
while fresh blood from other veins produced practically no effect 
when slowly injected intravenously, blood taken from the 
adrenal veins injected in the same way caused the characteristic 
pulse and blood-pressure curves, i.^., a primary slight rise due to 
the addition of the fiuid, followed a few seconds later by an in- 
crease of volume and slowing of the pulse, and from one to one 

•^Gottflchau: Archly f. Anat. u. Physiol., Anat. Abth.. S. 412, 188.2. 

Manasse: Archly f. path. Anat., Bd. cxxxy, S. 263, 1894. 

»Auld; Brit. Med. Jour., May 12, 1894. 

M stllllna: Arch. f. Path. Anat., Bd. clx, S. 234. 1887. 

■^Pfaundler: Sltzungs-Bericht d. k. Akad. d. Wlsscnsch. mathem., Bd. 
cl, S. 3, 1892. 

*■ Cybulski and Ssymonowlcz: Oazeta Lekarska., Mar. 26, 1895. 

■^ Langlois: Reyue sclentlflque, p. 303, 1897. 

■•Bledl: Archly f. d. gesam. Physiol., Bd. Ixyll, H. 9 u. 10, S. 443, 1897. 
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and one-half minutes later by the maximum rise of blood- 
pressure. 

All this is further emphasized by experimental stimulation 
of the nerves supplied to the organs. To ascertain, if possible, 
the identity of their secretory nerves, Biedl tied the vena cava 
above and below the adrenal veins and inserted a cannula into 
the vena cava, suspending the nozzle of the instrument over a 
small drum connected with a recorder. The number of blood- 
drops falling upon the drum in a given time, as the blood- 
pressure in the vessels was increased by stimulating the nerves 
distributed to the adrenals, could thus be accurately recorded. 
Having cut both splanchnics in the thoracic cavity, he stimu- 
lated the peripheral ends electrically. ^^During the first 6 to 
9 seconds,” says the physiologist, ^Thc number of drops re- 
mained the same; at the 7th second — sometimes later, about 
the lOtli — a gradual increase in the number of drops occurred, 
until 20 to 25 seconds had elapsed, when the number of drops 
multiplied 3 to 5 times.” The increased How continued from 10 
to 20 seconds after the current was no longer applied, and also 
after the increased pressure in the organ’s vascular supply, 
caused by the current, had ceased. The elfects could no longer 
be obtained when the suprarenal nerves, which arc remarkable 
for their .size, were severed. Although Biedl was thus able to 
demonstrate that the splanchnic contained fibers which, when 
stimulated, increased the fiow of blood through the adrenals, 
he did not succeed in establishing their identity as secretory 
nerves. 

To settle this important feature of the problem, Dreyer,”” 
in a scries of experiments, placed a ligature around the vein 
on either side of the gland, the ligature “on the mesial side 
serving to tie off the central end of the vein, the other, on the 
lateral side, being used to tic in the cannula,” a straight glass 
tube. In this way, the blood from the tube issued with cer- 
tainty from the gland. Specimens of the blood were then col- 
lected from the femoral vein, from the adrenal vein before 
stimulation, and from the adrenal vein during stimulation. 
The comparative effects of these various bloods when injected 
intravenously into the animals from which they had been ob- 

Drcyer: Amer. Jour, of Physio]., vol. II, p. 203, 1899. 
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tained or into others, were then carefully recorded. The eight 
experiments reported demonstrated that excitation of the cut 
splanchnic not only increased the blood-flow, but also the pro- 
portion of secretion in that blood. Both sets of animals — those 
from which the blood had been taken and the controls — when 
‘^stimulation^’ blood was injected into them, showed a corres- 
ponding increase of the characteristic elfects of adrenal ex- 
tract. Briefly, using Dreyer’s words : “A given bulk of adrenal 
blood taken during stimulation [of the cut splanchnicj liad a 
decidedly greater effect than the same bulk of normal blood, 
meaning by normal blood that which was taken when not stimu- 
lating.” 

It is plain, therefore, that the secretion oC the adrenals 
themselves produces effects similar to those caused by intra- 
venous injections of adrenal extracts. That this jipplies to hu- 
man adrenals as well has been shown, we have seen in the first 
volume (page 10), by Ouinard and Martin, the expressed juice 
of adrenals derived from an executed criminal being used. 

Finally, the symptoms of certain diseases or that follow 
extirpation of the adrenals strikingly emphasize a connection 
between these organs on the one hand and the heart and respira- 
tory process on the other. In Addison’s disease, for example, 
the systole is greatly weakened and the pulse is small, extremely 
soft and compressible. liowering of general metabolism — due 
to lowered general oxygenation — is shown by the facts that the 
temperature, when no complication is present, is subnormal, 
and that the extremities are cold, llollcstoii in Alllmit’s 1^’ac- 
tice^‘^ states that a cadaveric odor is sometimes emitted by these 
cases — a self-evident sign of lowered vitality. As emphasiz.ed 
by Sergent and L. Bernard,^^ the identical symptoms ascribed 
to Addison’s disease arc met with in the many distinctive dis- 
orders of which the adrenals may be the seat. 

The effects of removal of these organs have been reviewed 
at length in the first volume. Most prominent among these, 
however, are, as first shown by Brown-Sequard, lowering of the 
temperature and of the blood-pressure, accompanied by intense 
weakness, hardly perceptible heart-beat, very weak and rapid 

Rolleston: Allbutt's "Practice,” vol. v, p. B40, 1897. 

Sergent and L. Bernard: Arch. g6n. de m^d., July, p. 27, 1899. 
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pulse, etc. That we arc dealiug with morbid phenomena due 
to absence of the secretion of these glands was also demon- 
strated by Brown-Seipiard, extracts prepared from healthy 
adrenals and administered subcutaneously having restored the 
experimental animals as long as the extracts were used. 

Pathological and physiological evidence, plus new data sub- 
mitted in the first volume, unite, therefore, in pointing to the 
secretion of the adrenals as the constituent of the blood which 
absorbs the oxygen of the air, in order to carry on oxygenation 
of the body at large. 

THE OXIDIZING SUBSTANCE (OXIDASE) AS A RESPIRATORY 
CONSTITUENT OF ALL ORGANISMS. 

In the first volume, I showed that the secretion of the 
adrenals lost its identity as such when it reached the lungs, 
and that when the venous blood had been exposed to the air of 
the alveoli and had become arterial, it contained a new sub- 
stance, the oxidizing substance. This compound was then 
traced with the plasma into the minute capillaries of the cellu- 
lar elements of the various organs and into the axis-cylinders 
of the nerve’s, neuro-fibrils, etc., and shown capable, moreover, 
of subserving therein not only the needs of nutrition, but also 
those of active function — in so far, at least, as the oxygen can 
contribute to thqse processes. 

Exception has been taken to my conclusions on this score 
on the plea that the blood-plasma per se did not contain such a 
substance, this being based on results obtained with the gas- 
pump. We have seen, however, that shed blood does not give 
even an approximate idea of the oxygen-content of living 
blood, its oxygen being rapidly reduced by another constituent. 
This applies to defibrinated blood as well, since the fibrin itself 
carries off a large proportion of the oxygen. The gas-pump 
is as useless an instrument in this connection as the aerotono- 
meters referred to in the preceding section, and like them has 
contributed much to prevailing misconceptions. 

The blood-plasma of animals, including man, not only con- 
tains such an oxidizing substance, hut its presence may be dem- 
onstrated at every stage of organic life, t.e., in the vegetable 
and animal kingdoms. So important is this feature of the 
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problem, in fact, that I deem it necessary to review some, at 
least, of the evidence at our disposal to this effect. 

Stress was laid in the earlier editions of this work on tlie 
presence in the blood of what Schmiedeberg (1876 and 1881), 
Salkowski, Jaquet, and Abelous and Biarncs had characterized 
as an ^‘oxidizing fennenV^ freely soluble, as shown by Jacpiet, 
in tlie blood fluids. Claude Bernard, Pavy and Lepine had 
found that the plasma could oxidize sugar, the process being 
accompanied by the production of carbon dioxide, according to 
Kraus. This was also found by Pohl, Spitzer and other ob- 
servers to apply to intracellular or tissue juices. Importance 
was attached to the fact that Abelous and Biarncs had, in 18115, 
^^succecdcd in causing oxidation of salicylic aldehyde by ‘means 
of blood-scrum, that is to say, hlood absolutely deprived of its 
corpuscles, and furthermore, that these chemists had found, 
as had Salkowski and Jaquet, that the passage of air through 
the blood during the experiment was an essential factor of the 
oxidation process. These experiments thus made it evident that 
the oxidizing ferment in the blood-serum could absorb the oxygen 
of the air and then transfer it to the salicylic aldehyde, convert- 
ing the latter into salicylic acid. The importance of this fact, 
with respect to the general question in point, is very great, 
since it shows that the oxidizing ferment referred to can ful- 
fill precisely the role generally ascribed to the corpuscular 
hcemoglobin. In other words, while it is believed that this 
ha3moglobin carries the oxygen from the seat of external respir- 
ation, the pulmonary alveoli, to the seat of internal respiration, 
the tissue-cells, the foregoing experiments have shown that the 
plasma contains ^^o:^idizing ferments” or ^^oxidases” capable of 
carrying on this identical function. 

Now, it happens that physiologists have failed, so far to dis- 
cover the identity of an important constituent of haemoglobin. 
Gamgee,^* for instance, after reviewing our knowledge of haemo- 
globin, concludes that "without attempting to speculate beyond 

the facts which we possess” "it may be assumed that 

haemoglobin exists in the blood-corpuscles in the form of a (.*om- 
pound with a yet unknown constituent of the corpuscle.” 

It happens also that the blood contains a group of oxidizing 

^Oamgee: Schafer's "T. B. of Physiol.." yol. 1. p. 189. 1898. 
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ferments, or oxidases, the origin or source of which, in animals, 
has not been found. That these arc also prominent factors of 
the vital processes is suggested by Howeirs*® concluding re- 
mark, after reviewing briefly the most salient available data, 
that ‘^such facts as these lend great probability to the belief 
that eventually it Avill be shown that the oxidations in the body 
are effected by the influence of oxidases or peroxidases acting 
singly or in combination or in sequence with the hydrolytic 
enzymes.’^ 

Again, Moritz Traube,*^ in 1858, called attention to the 
need of some substance in the blood which could act as inter- 
mediary between haunoglobin and tissue-cells to account for 
various phenomena witnessed, l^he term “oxidase’^ was intro- 
duced to describe ferment-like bodies which, without them- 
selves undergoing destruction, could so influence oxygen as to 
increase greatly its oxidizing activity. In 1858, Traubc^® had 
alresidy emphasized the need of such a substance to explain the 
physiological action of the oxygen carried to the tissues by the 
luemoglobin — ^a substance which, he thought, could take up oxy- 
gen from the oxylucmoglobin and transfer it to the tissues, 
thus acting as an ‘‘oxygen transmitter.^’ Experimental demon- 
stration of the existence of a body endowed with such proper- 
ties was not made, however, until 187(), when KSchmiedeberg^“ 
published his first paper, llis investigatiojis, and particularly 
those of Jaquet and the other chemists referred to above, hav- 
ing shown that the blood-&Y^niw contained a substance which 
could absorb oxygen from the air and then surrender it to re- 
ducing substances, the requirements of cellular metabolism 
outlined by Traube were met. It could act, in keeping with the 
latter observer’s conception, as an ^^oxygen transmitter.” 

IMiat a ferment was the active factor of the process was 
demonstrated a few years later. In 1883 a Japanese chemist, 
Ilikorokuro Yoshida,^^ found that the lacquer-forming juice of 
Khuji vernicifem underwent, while hardening, slow oxidation. 
He ascribed this phenomenon to a diastase which lost its 
power as such when heated to the boiling point. A French 

Howell: “Text-book of rhyslol.,** p. 836, 1905. 

« Traubo: “Theorle der Fermentwirkungeo," Derlln, 1858. 

Traube: Loc. cit. 

^ Schmledeberg: Arehiv f. exper. Path. u. Pharm., Bd. vi, S. 233, 1876. 

" Hikorokuro Yoshlda: Jour, of the Chemical Soc., vol. xlill, p. 472. 
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chemist, however, G. Bertrand,^® succeeded in isolating the 
ferment itself and termed it “lacease/^ The juice from which 
he isolated this body was obtained by incising the tree Rhiis 
succedenea. He found that this cream-like juice could be kept 
in its normal state a long time in well-stoppered bottles, but 
that as soon as it was exposed to the air, it became brownish, 
and soon accpiired a thin, intensely black layer, insoluble in 
ordinary solvents and resisting the action of liquid alkalies and 
acids, Le., lacquer. The process was due, as stated by Bertrand, 
to the very active absorption of oxygen from tlie air by tlie lac- 
case and oxidation of the remaining bodies of the juice, collec- 
tively known as ^‘laccol.’^ It is plain that in order to do so, 
laccase acted as ‘^oxygen transmitter.” 

This latter process, and the fact that oxidation actually 
occurred, Bertrand was able to prove experimentally. Thus, 
1 gramme of hydroquinoiie in a one per cent, solution, shaken 
three hours in the preseiu^e of but 0.1 gramme of laccase and 
174.9 cubic centimeters of air was found to liave absorb&l 25. 1 
cubic centimeters of oxygen. Even more (32 cubic centi- 
meters) was taken up in a second experiment, in tin; i)resencc 
of more air. in another investigation tlie carbonic acid output 
was also ascertained, tlie ratios being 23.3 cubic centimeters of 
0 absorbed to 13.7 cubic centimeters of CO^ output in one ex- 
periment, and 20.8 of 0 absorbed to 1G.4 of CO.j in the sec- 
ond. A large number of plants of various kinds were then 
analyzed by Bertrand^” and found to contain this laccase. With 
Bourquclot,'^" he also found it in mushrooms, in gum arable, 
fitc. it is through the intermediary of laccase that, for in- 
stance, pyrogallol, gallic acid, tannic acid and other familiar 
substances are oxidized. 

A property among others which distinguishes any vege- 
table or animal fluid or tissue that contains the “oxygen trans- 
mitter” is that of causing tincture of guaiac to become blue, 
l^his phenomenon was first observed in the nineteenth century 
by Taddey, Rudolphi, and Planche, the latter observer having 
found that boiling of an organic substance caused its fluids to 
lose this property; but it was only when Schoenbein, the diseov- 

« O. Dertrand: Archives de physiol., T. vill, p. 23, 1806. 

*• Bertrand: C. r. de I'Acad. des scl., T. cxxl, p. 166, 189.6. 

Bourquelot: C. r. de la Soc. de blol., 2e S6rle, T. 11, p. 579, 1895. 
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erer of ozone^ took up the question in 1856®^ and showed that 
many plants gave the guaiac blue test, that it began to receive 
serious attention. Since then, oxidases have been found by 
various investigators in so many plants that their presence 
may be regarded as universal. Indeed, referring to an oxidase 
he named “catalase” — a term which implies the function of 
“oxygen-transmitter” t.e., catalysis — Oscar Loew®‘‘* wrote after 
a very large number of experiments: “There does not exist 
a group of organisms or any organ or even a single vegetable or 
animal cell that does not contain some catalase, as far as the 
observations of the writer go. This general occurrence of cata- 
lase in tJie organized world cannot be accidental and must have 
a certain significance.” The oxidizing property was combined 
with that of catalysis (oxygen-transmission) in all these organ- 
isms precisely as in the case of the plants studied by llertrand — 
and also in that of animals, as we shall see presently. 

One still meets occasionally in literature with the state- 
ment that respiration in plants is the opposite of that in ani- 
mals, i.c., that while the latter take up oxygen from the air, 
plants absorb carbonic acid. Sachs showed over thirty years 
ago, however, that such is not the case. The absorption of 
carbon dioxide and excretion of oxygen by the chlorophyll of 
the leaves is concerned with tlic nutrition of the plant only; 
and this occurs in the daylight, while respiration goes on both 
day and night. The plant takes up oxygen from the surround- 
ing air and gives o(f carbon dioxide, precisely as do animals. 
This fact adds greatly to the interest of the experimental data 
just outlined. Indeed, so strikingly like the respiratory pro- 
cess were the gasoinetric results obtained by Bertrand that, 
although his experiments aimed only to establish the identity 
of the ferment which caused the oxidation of lacquer, he refers 
to them as being “the first example of diastatic reaction with 
interchange of gases.” He also says that “it is all the more 
remarkable in that it [the interchange] resembles in a way 
artificial respiration, and one may at least suppose that it repre- 
sents a phenomenon very nearly akin to that attending respira- 
tion m the vegetable kingdom.” As interpreted from my 

Schoenbein: Cited by P. S6e: Arch. ‘g^n. de mdd., July 14, 1906. 

M Oscar Loew: ^'Catalase/' U. S. Dept of Agriculture Rep., No. 68, 19(A. 



OXIDASE AS RESPIRATORY AGENT IN ALL. ORGANISMS. 817 

standpoint, this does not exemplify artificial respiration, but 
instead, the foundation of the true respiratory process of plant- 
life. 

The blood of many invertebrates, which contains no blood- 
pigment, hacmocyanin or hseinoglobiii, has likewise been found 
to contain an oxidase, or oxidizing ferment. 

Pieri and Portier““ studied experimentally the blood of 
mollusks to ascertain whether it contained an oxidizing fer- 
ment. Freshly prepared tincture of guaiac had been found by 
Bertrand to turn blue when in contact with his laccase. 
The labial palps of accphalic mollusks when dipped’in a few 
drops of water to which one or two drops of tincture of guaiac 
had been added, showed blue streaks; the water also soon be- 
came blue. A similar effect was produced when the juices of 
a palp were dropped in the same solution. That this was not 
due merely to oxygen liberated by the living cells is shown by 
the fact that when Pieri and Bertrand exposed both the palp 
and the liquid to a temperature of 50° to 60° C., the activity 
of the oxidizing substance was enhanced. Now, Salkowski®"* has 
shown that the oxidizing body in the plasma is only destroyed 
at 100° C. (212° F.), the boiling point, thus identifying it as 
a fcmicnt. Important in this connection is the fact, previously 
referred to (page 804), that when the blood leaves the arteries, 
its oxygen is rapidly exhausted by a plasmatic constituent. 
This is the substance, as will be shown later, that is destroyed 
between 50° and 60° C. The conclusion of Fieri and Portier 
that the effects witnessed were ascribable to an oxidizing fer- 
ment is thus clearly sustained. The gills, treated in the same 
way, gave identical results; so did an emulsion of thirty-six 
macerated sets of gills and palps — a saturated solution of sali- 
cylic acid being used in its preparation to eliminate all possi- 
bility of bacterial intervention. 

These results, as emphasized by Pi6ri and Portier, could 
not be ascribed to corpuscular, iron-containing haemoglobin. 
A solution of this pigment, whether prepared with distilled 
water or with a saturated solution of salicylic acid, turned 
muddy-red when tincture of guaiac was added thereto. 

“PWrl and Portier: Archives de physiol., T. lx, p. 80, 1897. 

««Salkowskl: Archly t. path. Anat, Bd. cxlvil, S. 1, 1897. 
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Heated to the boiling point a few minutes, a solution 
(whether prepared with salicylic acid or not) of macerated tis- 
sues such as the above no longer gave the guaiac reaction, not- 
withstanding prolonged shaking in the presence of air. Heated 
to 90° C., however, a portion of this solution gave a precipi- 
tate which, after being rapidly dried on blotting paper and dis- 
solved in distilled water, gave the reaction. A similar precipi- 
tate allowed to dry in the laboratory air lirsi became gray, then 
black. Waced in water in this condition, it did not dissolve, and 
the liquid did not give the guaiac reaction, thus showing that it 
had been o.vidized by taking up the oxygen of Ihe air. Precisely 
the same results had lieen obtained by Bertrand with laccasc. 

The gills and jialps of mollusks were found particularly 
active as compared to the blood. As these organs had given a 
positive reaction with other reagents, guaiacol in concentrated 
solution in distilled water (BourqucloP^) was used as control. 
This agent gives an orange-red color to a solution containing 
the oxidizing ferment. The gills of sixteen Osirca etlulis 
(oyster) were left three days in a saturated solution (90 cubic 
centimeters) of salicylic acid, then liltered. Three cubic centi- 
meters of this (‘xtract were then {idded to a guaiacol solution, 
and an equal quantity to distilled water. The first solution be- 
came red; the second remained clear. ^Fhese tests were con- 
trolled, in turn, by means of two others, the hydroquinone and 
pyrogallol tests, with positive results. Hashed gills proved as 
active. Positive results were also obtained with blood (except- 
ing when boiled) from other parts of the body, but Pieri and 
Portier specify that the gilfs and palps respond most actively to 
the reagents. I have repeated some of these experiments in 
the clam, oyster and sea mussel, and obtained identical results. 
The similarity between tlie ehemieal properties peculiar to the 
blood of the respiratory organs of mollusks, the oxidizing fer- 
ment and the vegetable ferment laccasc, is evident. 

Crustaceans were found by Abelous and Biamfes'^" to cor- 
respond with mollusks as to the presence of an oxidizing fer- 
ment. The Inemolymph of crayfish gave a positive reaction not 
only with the tincture of guaiac, but also with other reagents 

Dourquelot: C. r. do la Soc. de biol., Nov. 7, 1896. 

60 Abrlous and Diarn^s: Archives de physiol., T. ix, p. 277, 1897. 
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used. Heating to 60 ° C. did not prevent the reaction, but the 
latter no longer occurred alter the boiling point had been 
reached. With Koliinanii and Spitzer’s reagent (a solution of 
paraphenylene-diamine), which gives a solution containing the 
ferment a violet color, Abclous and Biarnes obtained but a very 
slight reaction with generative organs and inusc^les, and decolor- 
ation of the reagent in the case of the liver — due to reduc- 
tion — followed by intense violet coloration. lioth actions of 
the ferment, reduction and oxidation, were tlius manifest. 
The (Jills showed a marked reaction, and the violet color 
persisted. 

In a second set of experiments, the liver again showed the 
two phases of action, while other organs rcisponded only slightly 
or not at all to the guaiac test, but the gills became blue *'very 
rapidly and emrg&tically” The guaiacol, hydro(|uinonc and 
pyrogallol tests also gave positive results. A precipitate ob- 
tained with alcohol, when dried and dissolved in distilled water, 
gave similar results, thus showing that the investigators were 
dealing with the typical oxidizing ferment. An important 
feature of these experiments is that when an extract of gills, 
a solution of pyrogallol, and w^ater were placed in a tightly 
closed flask containing air, Abelous and Biarncs ascertained 
gasometrically not only that o.\ygen had been consumed, but 
that carbonic acid had besn evolved. 

The respira tory organs of these crustaceans clearly showed, 
therefore, that they contained the specific ferment. It became 
evident, also, that the function of these organs was to absorb 
oxygen and to transmit it to the elements represented by the 
pyrogallol in the reaction, namely, llie tissue-cells. 

^rhat a close connection between the oxidizing ferment and 
the respiratory process actually exists is cm])hasized l)y experi- 
ments in vertebrates. In those of Schmiedeberg, dacpiet, Sal- 
kowski, Abclous and Biarnes, the tissues of higher mammals, the 
horse, ox, calf, etc., were used ; a fa(!t which suggests that the 
domain of the oxidizing ferment is limitless in organic life. In 
batrachians, whose adrenals consist of a narrow pat(fh along each 
kidney and arc connected with the main blood-vessels, arterial 
and venous, as in man, a direct connection between the oxi- 
dizing ferment and ^The respiratory function’’ has been sug- 
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gested by C. Phisalix®^ (though this author, of course, refers 
in no way to the adrenals in this connection), as Bertrand had 
in respect to plants. 

Phisalix justly contended that if oxidizing fennents actu- 
ally presided over the chemical phenomena of respiration, they 
should be present in tissues, such as the skin, that are capable 
of carrying on supplementary respiratory functions. He there- 
fore studied the subject in liana esculenta and temporaria and 
Bufo vulgaris. The skin of these batrachiaiis was allowed to 
macerate in salt water and the solution thus obtained was 
placed in three tubes: the first specimen was boiled; the air in 
the second was removed and the tube sealed; the third was left 
open, and its solution exposed to the air. The contents of the 
first two tubes remained unchanged; that of the third became 
brown, the color proceeding downward from the surface. After 
a few days the liquid had become almost black. The connection 
between these and Bertrand’s experiments in plants is obvious. 
Now, wo have seen that boiling destroys the ferment, thus ac- 
counting for the first tube’s unchanged state; sealing of the sec- 
ond deprived it of air, thus showing that oxygen was indispens- 
able to the assumption of the brown color. Phisalix further 
proved the presence of the oxidizing ferment in the batrachian 
blood by submitting the expressed juice of frog’s skins to the 
guaiac test. The blue color appeared here as it had in plants 
and invertebrates, thus showing that the ferment could not only 
absorb oxygen, but also surrender it to reducing agents. The 
skin typified the lung surface, i.e.y the external respiration, in 
these experiments, and the guaiac the tissue elements, i.e., the 
internal respiration. 

Additional evidence to the effect that the blood contains 
an oxidizing substance is that a similar substance is present 
in the liquid portion of milk, which, as stated in the first vol- 
ume, corresponds with and is derived from the blood-plasma. 

The first to draw attention to these reactions was Arnold,®* 
who showed that "fresh cow’s milk on the addition of a little 
tincture of guaiac, gives a blue color of varying intensity.” He 
ascribed this phenomenon to the presence of ozone, but subse- 


C. Phisalix: Jour, of physiol., yol. xxlll, Suppl., p. 49, 
” Arnold: Arch. d. Pharmak., Nu. 41, 1881. 
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quent labors showed its true identity. Dupouy,®® Raudnitz/® 
Gillet,®^ Nobecourt and Merklen,®-* and others have also found 
oxidase similar to that in blood. Spolverini®“ observed that 
it possessed glycolytic properties identical to those of oxidase. 

As we will see farther on, Abelous and- Aloy®* recently 
found that the catalytic action of the oxidizing substance was 
most active in the absence of air — precisely the condition that 
prevails in tissue respiration, i.e., cellular metabolism. 

Bourquelot®® showed in 1897 that while milk could not itself 
oxidize directly, it could act as reducing agent and then oxi- 
dize. This action proved to be due to a substance to which he 
applied the term ^^anaeroxydase” — i.e., a ferment capable of 
carrying on the oxidizing process in the absence of air, by means 
of oxygen derived from other constituents of the medium of 
which it is itself an occupant. 

Returning to the blood of higher animals, we must not 
lose sight of the fact that all tests indicating the actual pres- 
ence of an oxidizing substance were based on the action of tis- 
sues upon reducing substances. As this might be ascribed to 
an excess of oxygen in these tissues irrespective of the presence 
in the blood-stream of any oxidizing agent, it is necessary to 
show that the blood itself can respond actively to giiaiae. We 
have but to recall that the guaiac test is, in medical jurispru- 
ilcnce, one of the most reliable in the detection of human 
blood-stains, even in the absence of hajmatin, the iron-con- 
taining constituent of hamioglobin. Seifert®® not only found 
that an almost colorless solution became ^^eithcr at once or in 
the course of a minute or two, intensely blue,” but that the test 
^^frequently demonstrates the presence of blood when the re- 
sult of the spectroscopic test is negative and hjematiii crystals 
cannot be obtained.” 

Finally, Jolles®'*^ has recently demonstrated that the human 
blood contained both oxidase and catalase (one and the same 
body, we have seen) and that the catalasie, i,c,, catalytic, 

B^Dupouy: Thftse de Bordeaux, 1897. 

ooRaudnltz: Centralbl. f. Physiol., Dd. xll. S. 790, 1898. 

^ Glllet: Jour, de phys. et de path, gdn., T. Iv, p. 439, 1902. 

^Mobdeourt and Merklen: La presse indd., Dec. 24. 1902. 

** Spolverlnl : Attl del Iv, Congr. Ital. de Pedlat., 1901. 

M Abelous and Aloy: G. r. de la Soc. de blol., T. Iv, p. 891, 1903. 

^ Bourquelot: Jour, de pharm. et de chlmlc, T. v, 1897. 

« Seifert: Vterteljahresschrlft f. gerlchtl. Med., Bd. xvl, H. 1, S. 1, 1898. 

” Jollea: Mttnch. med. Woeb., Nov. 22, 1904. 
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power of the blood appeared to have a definite relation to the 
number of red corpuscles. This suggests clearly a relationship 
between these bodies and respiration; indeed, Duelaux”** has 
expressed the belief that ‘Oxydases are the diastases of respir- 
ation.^^ 

On the whole, this evidence has been submitted to show (1) 
that an oxidizing substance occurs in the blood of atl living or~ 
gan/isms, i,e., from plant to man; (2) that it is a respiratory 
function that it subserves in both kingdoms, not only in so far 
as the tissues themselves are concerned, hut also in respect to the 
organs which serve for the absorption of oxygen from the sur^ 
rounding media: the gills, skin, and lungs; (3) that in all or- 
ganic life, plants, invertebrates and vertebrates, this oxidizing 
substance absorbs oxygen, and liberates it, thus acting as an 
*^oxygen transmitter,'* Le., as a catalyser. 

What is the relationship between this oxidizing substance 
or oxidase and luemoglobin? 

TIIK OXIDIZING SUBSTANCK (OXIDASE) AS THE 
ALBUMINOUS CONSTITUENT OF H/EMOGLOBIN. 

ITa3moglobin, as we have seen, oeeurs only in the blood of 
animals already far advanced in the evolutional scale, to in- 
crease, according to zoologists, its (capacity for oxygen. As red 
corpuscles appear in still higher organisms, i.e., only in verte- 
brates — a relatively small proportion of the animal kingdom — 
it seems evid(»nt that they, too, are tardy additions intended 
still further to increase the blood-plas»na’s efficiency as an oxy- 
gen carrier pari passu with the increasing needs of the higher 
animals. This is a necessary feature of their development, 
since, as shown by Claude Bernard, Magnus, Lothar Meyer, and 
Hoppe-Seyler, the blood ^^liolds in solution an amount of oxygen 
greatly in excess of that which could exist in a state of simple 
solution.” The history of the red corpuscle thus suggests that 
it acts as a storage-cell for the oxidizing substance, oxidase or 
catalase, which, in the light of the foregoing evidence, is re- 
quired to account for tissue respiration. 

With which of the known constituents of the blood-plasma 
or of corpuscles do these oxidizing bodies correspond? 


Duclaux: Loc. cit. 
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The identity of this substance suggests itself when a source 
of confusion is eliminated, viz,, the prevailing belief that tissue 
metabolism is accomplished by, or is due to, oxidation of tissue 
elements, and that the tissues are the seat of an exchange of 
oxygen and carbon dioxide similar to that believed to prevail 
in the lung. 

C. II. Barnes, professor of plant physiology at tlie Univer- 
sity of Chicago, wrote recently “1 diligently examined the 
most modern and most thorough text-books on physiology,” 
naming several familiar to us all, “but in them 1 found no 
treatment whatever, indeed no mention whatever, of the real 
problems of respiration, that is, of what is happening in the tis- 
sues, the processes of which these external phenomena are the 

sign The respiratory ratio has proved a veritable 

will-o’-thc wisp, leading investigators into a bog where their 
labors and their thinking were alike futile. For, as a sign of 
what is going on within, the respiratory quotient is absolutely 
valueless.” 

The line of evidence offered by Professor Barnes is par- 
ticularly applicable in this connection, since it corresponds 
in a measure with that of Bohr, Haldane and Lorrain Smith, 
and others, in respect to the pulmonary proci‘ss: “Von Frc\ 
and Gruber'^® showed that in a dog’s muscle, with artificial 
circulation, contractions are accompanied by an increase in the 
carbon dioxide added to the blood, but they found this in- 
crease variable (ifi-lO per cent.) and Ies^s than tliv. coitps ponding 
absorption of oxygen, so that the respiratory ratio became low- 
ered during contraction. TissoU’ showed that the ])roduction 
of carbon dioxide in excised muscles was increased if the muscle 
were killed by heat or were fatigued by prolonged stimulation. 
^’he output of carbon dioxide in such eases was not related to the 
rate of absorption of oxygen. Six years ago Fletcher,''^ using 
Blackman^s apparatus, the most intricate and accurate apparatus 
yet devised for following gaseous exchanges, showed that the 
evolution of carbon dioxide from excised frog’s muscles is inde^ 
pendent of the amount of oxygen taken up during the period, 

R. Barnos; Science, vol. xxl. No. 529. p. 241, 1905. 

™ Von Prey and Gruber: Dubols-Reym. Arch. f. Physiol, S. 633, 1885. 

" TlBBOt: Arch, de phyB., T. vl, p. 838, 1894, and IMd., T. vil, p. 641, 1896. 

” Fletcher: Jour, of Phyelol., vol. xxill, p. 10, 1898. 
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He distinguished, in tlie production of carbon dioxide, first, a 
short period (about six hours), which he thinks dependent upon 
the presence of oxygen; and second, a long-continued evolu- 
tion of carbon dioxide ‘due to chemical processes occurring 
spontaneously within the muscle, in which complex molecules 
are replaced by simpler ones, with the conspicuous results of the 
appearance of [sarcolactic] acid and of free carbon dioxide.^ 
He adds: ‘Under suitable conditions the occurrence of active 
contractions in an excised muscle is not accompanied by an in- 
crease in the rate at which carbon dioxide is yielded by the 
muscle,^ though oxygen is abundantly supplied then by the 
blood.^^ 

“A great number of researches of the same tenor can be 
found in botanical literature,” continues the author. “A single 
example must suffice. In an elaborate paper, Purjewicz’^^ shows 
that the variations in the carbon dioxide produced and the oxy- 
gen absorbed during a given period under various conditions 
are not parallel, the amount of carbon dioxide ranging within 
far wider limits than the oxygen. Thus, the carbon dioxide 
varied from 0.11 to 120 per cent, of the average; the oxygen 
varied from 0 to 48 per cent, of the average. Purjewicz, indeed, 
expressed his conviction that the respiratory ratio has no value 
as indicating the actual course of respiration, and would sepa- 
rate the taking up of oxygen and the production of carbon di- 
oxide as two processes indirectly related.” 

This evidence speaks for itself. There is no more corres- 
pondence between the oxygen intake and the CO 2 output in the 
tissues than there is in the pulmonary process. What is there, 
however, to replace oxidation? 

Armand Gautier,’'^ professor of physiological chemistry in 
the Faculty of Paris, as far back as 1881 called attention to 
the fact that the truly active and living portion of our cells 
(the nucleus and protoplasm) carried on its functions without 
the direct participation of free oxygen, and that it was only 
outside, as it were, of the protoplasm itself and at the expense 
of its products, that the combustion phenomena occurred. To 
this extraprotoplasmic combustion he also ascribed the greater 

^Purjewicz: Jahr. wIbs. Bot, Bd. xxxv. S. 678, 1900. 

Armand Oautler: *'La chlmie de la cellule viyante/' Paris. 1891. 
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part of the body’s heat and energy — the plienoincna which, 
owing to their prominence, had alone attracted the attention 
of physiologists. Indeed, analogy could not but suggest, he 
thought, the direct participation of oxygen in the intraproto- 
plasinic processes. Surrounded as it was, intiis cl ejclra, l)y 
oxygen, the animal organism logically suggested itself as the 
scat of a gradual though ceaseless combustion capable of supply- 
ing its heat and power. Gautier showed, however, that the 
protoplasm of our tissues carries on a function similar to the 
respiratory process of anaerobic bacteria, though unlike the lat- 
ter, it cannot, from simpler materials, ammoniacal salts and a 
few other mineral salts, elaborate albuminoid substances. But 
apart from the fact that it requires the latter ready-made, as 
it were, it is able to modify lliem, build them up in a complicatc<l 
fashion and simplify them again without direct oxidation of the 
niaterials involved in the process. 

Evidence to the same effect is contributed by Barnes: 
^^[^fliiger, in the early seventies,” says this author, “discovered 
what seemed a peculiar form of respiration, lie found that 
a frog put into a vacuum continued to give off carbon dioxide; 
and presently the same phenomenon was observed by Pfeffer 
ajid otJiers in plants.” He also remarks in the same connec- 
tion: “Plainly the changes that were going on withiii the or- 
ganism wiiicli enabled it to give off carbon dioxide when no free 
oxygen was to be had could only be a rearrangement of 
atomic groups wdthin the molecule and the formation of pro- 
ducts which were simpler than those from wliich they arose.” 
These are adduced by the author as examples of anaerobic 
respiration. After submitting additional testimony, he states 
that “the analogy between anaerobic respiration and fermenta- 
tion has been suggested early — even by Pasteur — and has thus 
been growing closer with each added bit of knowledge.” Morat 
and Doyon,^° in their recently publislicd treatise, also state that 
“the view that the process which in the human organism pro- 
vokes a rise of temperature involves the presence of oxidizimj 
ferments, is being increasingly accepted”; the present trend 
being that ** fermentation is the prevailing chemical process in 
living beings/' 

Moral and Doyon: **Traltd de physiologle/* Paris, 1899-1904. 
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This coincides with Howell’s reference to the great prob- 
ability that ‘‘eventually it will.be shown that the oxidations in 
the body are effected by the influence of oxidases or peroxidases 
acting singly or in combination or in sequence with the hydro- 
lytic enzymes.” If, however, we eliminate therefrom the word 
“singly” which implies direct oxidation — a fallacy we have just 
seen — and the words “in sequence,” which can only be applicable 
to catabolism, leaving only “in combinalion/^ we will be brought 
within the precincts of demonstrated facts. Indeed, as will be 
shown in succeeding chapters, there is abundant evidence to the 
effect that in the tissues as well as in the alimentary canal, 
the oxidizing substance, or oxidase, acts in combination with 
hydrolytic enzymes. We have already seen, in the preceding 
section, that even in invertebrates there are two different sub- 
stances in the body fluids which respond to the guaiac tesf : the 
oxidase, which remained active up to the boiling point, and an- 
other which was invariably destroyed “between 50° and 00° C.” 
The identity of the latter suggests itself when we recall that 
while trypsin is found in all cells, its activity, as stated by 
Moore,^^ “increases, according to Roberts, with rising tempera- 
ture, until 00° C. is reached, and then rapidly falls.” 

In what form does the oxidizing substance take part in this 
combination? We arc no longer dealing with oxygen simply 
liberated by the red coqmscles, as taught in text-books, but 
with a substance dissolved in the blood — that which reacts to 
the guaiac test. As shown by Jolles,"'^ the oxidase-catalases 
(found by Loew, we have seen, in the fluids of all animals and 
plants studied) are colloid, and are in solution in the 
blood. Jolles noted, moreover, that they showed, as previously 
stated, a striking characteristic, viz,, that their activity 
was in definite relation to the number of red corpus- 
cles present. Now, in the first volume (page 715), I 
had previously shown that droplets derived from the 
red corpuscles, traced by Hirschfeld from the interior of 
these cells to the periphery and, tlirough a minute aperture in 
the latter, to the surrounding plasma, were minute drops of 
oxidizing svbstance — the so-called blood-plates, platelets, or 


” Moore: Sch&fer’s *‘T. B. of Physiol., " Yol. I, p. 337, 1898. 
Jolles: Loo. dt. 
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haematoblasts of as many authors^ who had not discovered their 
true identity. Jolles thus not only contributes additional tes- 
timony to the presence of an oxidizing substance in the plasma^ 
but he emphasizes a fact I had previously pointed out, viz., that 
it was through the red corpuscles that the blood-plasma was kept 
supplied, not with oxygen as now taught, but with its oxidizing 
substance or oxidase. 

With what substance known to be present in the red cor- 
puscles does this oxidizing colloid correspond? Gamgec, we 
have seen in the preceding section, states that ^‘it may be as- 
sumed that haemoglobin exists in the blood corpuscles in the 
form of a compound with a yet unknown constituent of the cor- 
puscle.^^ Elsewhere, however, he also writes that under the in- 
fluence of various chemical agents, haemoglobin ‘huidergocs a 
decomposition of which the chief products are an albuminous 
substance or substances, and a coloring mailer which contains 
the whole of the iron originally present in the oxyhaemoglobin 
or haemoglobin decomposed.^^ The albuminous substance is 
evidently the ^^unknown constituent^^ referred to above, since 
he likewise remarks: ^^As to the true nature of the albuminous 
residue, we have very little knowledgc.^^ 

It becomes a question, however, as to which of the two 
bodies mentioned, the albuminous substance or the coloring 
matter, is the one capable of leaving the corpuscle, since “col- 
oring mattcr^^ suggests that it might be the oxidizing substance. 
But Gamgce^® says in this connection : “The coloring matter 
of the red corpuscles is not extracted from them by the 
plasma Schafer, moreover, states that “it is indiffusible 
through the unaltered envelope of the corpuscle.” It is self- 
evident, therefore, that it is the albuminous constituent of luc- 
inoglobin that is secreted in droplets by the red corpuscles. 

Finally, is the albuminous constituent of lunmoglobin se- 
creted by the red corpuscle the oxidizing substance? Were 
haematin to leave the corpuscles at all, it could not fulfill the 
r61e of oxidizing substance, for as shown by Hoppe-Seyler 
(cited by Garagee^®), “perfectly pure solutions of haematin are 
quite unaffected by reducing agents.” Nor is hajmoglobin, i.e., 

" Gamgee: Loe. dt., p. 189. 

^ Gamgee: Loc. dt., p. 252. 
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haimaiin and its albuminous moiety conjoined, endowed with 
the properties of the oxidizing substance, since, as shown by 
Pieri and Portier,**" a solution of this pigment, when tincture 
of guaiac is added thereto, turns a muddy-red. The oxidizing 
substance can only be, therefore, the albuminous moiety which 
is extracted from the corpuscles by the plasma. We have seen 
that, as shown by Jolles, the activity of the oxidase-catalase is 
marked in proportion as the number of those cells is great; 
and also tiuit as stated by Seifert,*^ a solution of human blood 
becomes in the course of a minute or two, intensely blue, and 
that this test prevails even when Inemin crystals cannot be ob- 
tained. 

Summarizing this evidence, Jind pending additional testimony, 
we may conclude: (1) that an exchange of gases does not occur 
in the tissues any more than in the imlmonary alveoli; (3) that 
tissue metabolism or '"respiration^^ is not due to combustion or 
oxidation of the tissues; (;i) that tissue metabolism is due to a 
process of fermentation in which the oxidizing substance (oxi’^ 
dase, catalase, etc,) takes part; (4) that the oxidizing substance 
required for this function is supplied in the form of droplets 
(the so-called "blood-platelets** or "liwmatoblasts** ) by the red 
corpuscles; (5) that the oxidizing substance is the albuminous 
constituent of hcemoglobin, 

THK RKD COllPUSCLKS AS STOKAGJi-CJaLS FOR 
THE 0X1J)IZ1NG SUBSTANCF. 

How is the oxidizing substance held within the red corpus- 
cles pending its gradual distribution? This question brings to 
light another obscure feature of the problem. Ilowell,*^- for 
instance, says: “The point that remains uncertain is the con- 
dition in which the hajinoglobin exists within the corpuscle. It 
is evidently not in solution, since the amount present is too great 
to be held in solution in the corj)uscle, and moreover, even a 
thin layer of corpuscles is far from being transparent.^^ The 
answer to this is embodied to a great extent in the data sub- 
mitted in the foregoing pages: hasmatin is a permanent resident 
of the red corpuscles; the oxidizing substance only remains 

P16rl and Portler: Loc. cii. 

Seifert: Loc.^t. 

Howell: Loc. cit., p. 386. 
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within its precincts until a substance having a very marked 
affinity for its oxygen “extracts’^ it, in the form of droplets — 
the minute ‘‘blood-platelets.” These, as emphasized in the pre- 
ceding section, are in reality droplets of oxidizing substance, i.c., 
of oxygen-laden adrenal secretion. As the latter leaves the 
adrenals in the form of colloid granules and is absorbed by the 
red corpuscles, the haimoglobin in the cells meets the condi- 
tions defined by Howell: the 94 per cent, of oxygcn-ladeii 
adrenal secretion they contain besides their luematin (which 
gives the blood its red color) is not in “solution;” it is composed 
of hyaline masses sufficiently viscid when secreted l)y the 
adrenals to liave suggested the term “protoplasmic masses” to 
(Jottschaii.”® Indeed, as stated by Landois,**' luemoglobin “is 
a colloidal substance.” 

Again, text-books of physiology teach that it is the iron of 
the haimoglobin that takes up the oxygen of the air. We have 
seen, however, that in all the higher animals the substance 
which fulfills this function is the albuminous portion of haimo- 
globin, that which contains no iron. This is furtluir shown by 
the fact that it is this albuminous body which in the blood ful- 
fills the role of catalytic or “oxygen transmitter,” a role as 
clearly carried on in jilants and invertebrates, in which no hai- 
inatiii is present, as it is in animals supplied with this iron pig- 
ment. We have seen, also, that it is the substance which is 
outside the red corpuscles, this same albuminous substance, 
which turns guaiae blue; it is obviously not the luematin, since 
this pigment remains tvilhin the corpuscles. 4'inally, if the 
iron-laden haunatin were the substance wliicli absorbs the oxy- 
gen of the air to supply the tissues, it should also be capable 
of oxidizing guaiae, i.e,, of turning it blue; but it does not; 
even when mixed with the albuminous substance it turns guaiae 
a muddy-red. Finally, the albuminous constituent is evidently 
the familiar carrier of oxygen, oxyhaiinoglobin, for as stated by 
Hammarsten,®® the substance has “a direct action upon tincture 
of guaiacum.” 

This ai)parently Icavea the ha3matin without function, since 


^GottBchau: Loc. rit. 

Landois: Lov. eit, p. 51. 

“ Hammaraten: "Text-book of Physiol. Chemistry," fourth edition, p. 169, 
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the only role ascribed to it at present is that of taking up the 
oxygen of the air. Its history suggests, however, that it is 
endowed with an important though different role. Indeed, we 
have seen that hajinoglobin occurs in relatively few inverte- 
brates, whereas it is present in practically all vertebrates, i,e., 
at a stage of the animal scale where the blood’s volumetric 
capacity must be greatly increased to satisfy the needs of greater 
aggregates of cell colonies such as those of which the higher 
aniipals are composed. In the preceding section I termed the 
red corpuscles “storage-cells.” Indeed, their advent coincides 
with a time when, although hsemoglobin is present, its mere 
dissolution in the blood fluids — as it is in some Annclides — 
would fail to supply enough oxygen to sustain all the vital 
functions of the organism. Griffiths,®® for instance, says: “In 
the higher animals the corpuscles are of two kinds, red and 
colorless; but in the Tnvertebrata there are, as a rule, only col- 
orless corpuscles.” A role such as that I ascribe to the red cells, 
therefore, is a logical feature of animal evolution, since by stor- 
ing a large quantity of the oxygen-laden adrenal secretion or 
oxidizing substance, these cells meet the needs of advanced de- 
velopment. This involves, however, the presence, in the cor- 
puscle, of a body capable of anchoring the oxidizing substance. 
Ilaematin is not only endowed with the properties required to 
fulfill this role, but there is in the red corpuscle no other sub- 
stance to assume it. 

That haematin has considerable affinity for oxygen is suffi- 
ciently emphasized by the fact that physiologists have long held 
and now teach, that its iron (Howell®^ states that luematin “con- 
tains all the iron of the original ha)moglobin molecule”) com- 
bines with the oxygen of the air, to carry it to the tissues. 
Given, therefore, a substance such as the oxygen-laden adrenal 
secretion in the blood-stream, and coincidently red corpuscles con- 
taining little else than haematin, after circulating in the whole 
body this haematin should reduce the oxygen-laden adrenal se- 
cretion — provided the hold of the latter upon* its own oxygen is 
sufficiently loose. We have seen, however, that such is not the 
ease, and that the affinity of the adrenal secretion for oxygen 

m Orlfflths: Lw. cit, p. 126. 

w Howell: Loc, ctt., p. 390, 1905. 
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is very marked. Hssmatin does not deprive the adrenal secre- 
tion of its oxygen, but through its own alEnily for the latter 
draws within the corpiLscle both this gas and the adrenal secre- 
tion. The latter, after its exposure to the air of the alveoli 
being, as we have seen, the albuminous constituent of hauno- 
globin, it serves, on entering the corpuscle and combining with 
the haematin, to build up the hajmoglobin molecule. The haj- 
matin is evidently caj^able of thus causing an enormous pro- 
portion of the oxygenized adrenal secretion to enter the cell, 
for the albuminous portion of haiinoglobin represents 94 per 
cent. (CJaingee) of the whole. This clearly points to hajmatin 
as the agent which causes accumulation of the oxidizing sub- 
stance in the red corpuscle and to the latter as a storage-cell. 

Evidence to this eltect is also afforded by the fact that such 
a function accounts for the existence of the albuminous com- 
ponent of ha;moglobin. We have seen that.tlamgce character- 
ized this body as the ‘Smknown constituent of the hajmoglobin 
molcculc.^^ The iron of the haematin being solely credited with 
the role in respiration ascribed to haemoglobin as a whole, this 
‘^mknown constituent,^’ though it represents OJt per cent, of the 
entire molecule is devoid, according to present teachings, of all 
function! Again, as Ilamniarstcn”** says, luumoglobin ‘‘occurs 
only in very small quantities in arterial blood, in larger quan- 
tities in venous blood.” Why should such be the case if the 
iron of the hainiatin alone carries on the respiratory process? 
The excess of hfemoglobin in the venous blood — which neces- 
sarily applies to the albuminous portion, since the iron does not 
leave the corpuscles — is another feature left in abeyance by 
the prevailing teachings. With the red corpuscles as storage- 
cells, however, the reason for this becomes self-evident: In 
arterial blood the albuminous portion of the hajmoglobin, i.e., 
the oxygenized adrenal secretion, is stored in the corpuscles; 
gradually, as it leaves these cells in droplets, we have seen, to 
circulate in the minute capillary networks of the cellular ele^ 
ments into which the red corpuscles do not penetrate, it passes 
on, as a worn-out substance, to the veins. Briefly, in the ar- 
terial blood, it is stored in the corpuscles, while in the venous 
blood it is free — though deprived of oxygen. 


Hammaraten: Loc. c%t,, p. 170. 
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It becomes a question now as to where the red corpuscles 
are charged, as it were, with their oxygen-laden albuminous 
constituent, i.e., their oxyhaeJiioglobin. In the first volume 
(page 145), I submitted the following conclusions: ^^(1) When 
the secretion of the .adrenals reaches the pulmonary alveoli, it 
absorbs oxygen from the air and fonris with the latter a com- 
pound or ^oxidizing substance.^ (2) A part of this oxidizing 
substance is absorbed by the haemoglobin of the corpuscles and 
the balance remains in the blood-plasma.^^ All the evidence 
collected since has only served to confirm these conclusions. 

The course of the adrenal secretion from the adrenals to the 
lungs having been given in detail in the second seclioii of this 
chapter (page 80()), the changes it undergoes when it reaches 
the alveoli need alone he reviewed in the present connection. 

The need of a secretion to account for the respiratory pro- 
cess pointed out by Bohr and subscciuently defended by his col- 
laborator, Henriques, Haldane Jind Lorrain Smith, and Harley, 
has steadily gained ground of late. Pembrey, in a very recent 
(1906) publication,**® after a careful review of the respiratory 
process, concludes: ^*The body of evidence has thus been 
steadily increasing in favor of the secretory theory, especially 
as regards the absorption of oxygen.^’ Wo have seen, however, 
that for want of a known secretion to account for the phenom- 
ena witnessed, Bohr assumed that the lungs themselves sup- 
plied the secretion — a view sustained in no way by experimental 
facts. We have seen, on the other hand, that my own view 
that the secretion of the adrenals fulfills this function is backed 
by very strong testimony from whatever direction the question 
as a whole is considered. 

Once in the close capillary network of the alveoli, the 
adrenal secretion is only separated from the air they contain 
by an extremely thin layer composed of delicate alveolar mem- 
brane and its alveolar epithelium, which together are barely 
0.001 millimeter thick. Indeed, according to Bdhin, Davidoff 
and Huber,®® the capillary network, “which is extremely fine,” 
is “sunken into the epithelium.^' Jifow it is in these extremely 


wpembroy: Hlira “Recent Advances In Physiol, and Blo-Cbemlstry," p. 
649, 1906. 

B5bm, Davidoff and Huber: “Text-book of Histology," second edition, 
p. 316, 1906. 
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f,ne capillaries that the red corpuscles containing the hwmatin 
meet the adrenal secretion. Both being reducing agents, they 
would simultaneously combine with the oxygen of the alveolar 
air and remain apart were it not for an important fact, viz., tliat 
the adrenal secretion, besides being free in the blood, is much 
more energetic as a reducing agent than the haematin within 
the red corpuscles. As a result, the secretion alone absorbs 
the oxygen of the air through the delicate alveolar membrane, 
and the blood in the capillary network is thus constantly satu- 
rated, so to say, with oxygen-laden adrenal secretion. It is at 
this stage that the corpuscular ha3matin comes into play. I'he 
red corpuscles — eacih of which, as stated by Howell, ^M'orms a 
mesh work or spongy mass” — being surrounded by this blood, 
their Incmatin absorbs oxygenized secretion until replete, and 
ready, therefore, to carry on their active function as constitu- 
ents of the arterial blood, laden as they are with oxylueinoglobin. 

That a reducing agent actually exists in the lungs was 
emphasized by the labors of Bohr, Haldane and Smith, and 
others. Gamier,®^ twenty years ago, showed that a solution of 
ultramarine blue was decolorized when sprayed into the lungs. 
This can only be produced by a iK)wcrful reducing agent, (/ar- 
bonic acid and taurin, the only two possible components of the 
alveolar fluids which might act as such, failed invariably to pro- 
duce such an effect on the solution. Pembrey®® also writes: “A 
still further piece of evidence in favor of the secretory theory 
is the great capacity of the pulmonary tissue to reduce aliznrin- 
bluc when, as in EhrliclPs experiments, it is injected into the 
living body, and air is still passing* in and out of the lungs.” 

That this reducing agent is the adrenal secretion is shown 
in various ways. Oxy haemoglobin is “readily decomposed,” as 
stated by ITammarsten,®* by alkalies. Moore and Purinton®* 
and others emphasize the fact that the active substance of the 
adrenals is rapidly destroyed by alkalies. Hammarsten also 
says that “oxyhaemoglobin is insoluble in ether, ehlorofonn, 
benzene and carbon disulphide.^^ Vulpian®® found the ex- 
pressed juice of the adrenals insoluble in ether and benzene. 

Oarnler: C. r. de TAcad. d. aci. de Paris, July 26, 1886. 

•■Pembrey: Loc. eit., p. 549. 

M Hammarsten: Loc. cit., p. 169. 

••Moore and Purlnton: Amer. Jour, of Phyalol., vol. ill, p. xv, 1900. 

••Vulplan: C. r. de I’Acad. d. aci. de Paria, Sept. 29, p. 663, 1856. 
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Moore®® states that the adrenal active agent is insoluble in 
ether, chloroform and carbon disulphide. Throughout the vari- 
ous stages of organic life, we have seen, the oxidizing substance, 
i.c., the oxyhaemoglobin, resists all temperatures up to the boil- 
ing point. Cybulski,®^ Moore, and others observed that boil- 
ing alone annulled the activity of the adrenal extractives. In 
other words, the chemical properties of the adrenal secretion are 
similar to those of free oxyhajinoglobin, the product it becomes, 
as I pointed out in the first volume, after traversing the 
alveolar capillaries. 

(Irifliths states that in Annelida the haemoglobin is dis- 
solved ill the fluid Huxley culled ‘^respiratory blood,” and “does 
not belong to the corpuscles.” Nor does it in man, in whom 
these corpuscles act only as storage-cells. 

This evidence seems to me to warrant the following conclu- 
sions: (1) that it is not the iron of theluemoglobiii as now taught 
tvhich comhines loosely with the axygen of the air to carry it to 
the tissues; (53) that this function is fulfilled by the oxidizing 
substance alone; (3) that the red corpuscles are storage cells for 
the oxidizing substance, i.e., the oxygenized adrenal secretion; 
(4) that the corpuscular hwmatin, otving mainly to its iron, is the 
substance which in the corpuscles acts as storage material; (5) 
that the affinity of its iron for oxygen causes it to combine loosely 
with the oxygen of the oxidizing substance, as fast as the adrenal 
secretion is being converted into the latter in the alveolar capil- 
laries; (()) that this process entails the absorption into the red 
corpuscles of all the oxidizing substance they can accommodate; 

(7) that the red corpuscles do not, as now taught, supply free 
oxygen to the tissues through the intermediary of the plasma; 

(8) that droplets of oxidizing substance are abstracted from the 
red corpuscles, when any substance having greater affinity for 
its oxygen than the hcematin appears in the bloodstream; (9) 
that it is the albuminous oxidizing substance (oxyhcemoglobin) 
itself which is absorbed by the tissue-cells. 

To sustain adequately these conclusions, however, it is nec- 
essary to show that the oxidizing substance is present in all 
parts of the organism and that its chemical properties coincide 
wherever found with those of the adrenal secretion. 

••Moore: Jour, of Physiol., vol. xvll, p. xlv, 1894-9: 

•^ Qy bulskl: Hi, 
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THE ADRENAL SECRETION AS THE CONSTITUENT OF 
HAfiMOGLOBIN WHICH, WHEN OXIDIZED, 
PRODUCES BRONZING. 

As the albuminous constituent of hsemoglobin, the secre- 
tion of the adrenals must necessarily invade all tissues. We 
have additional evidence to this effect in the pathology of Ad- 
dison^s disease, and particularly in that of its characteristic 
symptom, bronzing, which, as is well known, may invade the en- 
tire surface of the body and all exposed mucous membranes. 
We are again, however, brought face to face with an unknown 
factor in this connection, viz,y the true identity of the bronze 
pigment and its origin. Indeed, llammarsten"* says that “so 
little is known about the structural products of melanins or 
melanoids that it is impossible to give the origin of these 
bodies.’^ In a special study of these pigments, Walter Jones’^" 
also states that “they have been the subject of a number of re- 
searches of chemical nature, yet for some reason these re- 
searches have been so fruitless that at the present ti ine we are 
not in a position even to define a melanin in a chemical sense; 
in fact, we are not all agreed as to what chemical elements arc 
necessary constituents of the melanin molecules.’^ 

Alczais and Arnaud,^®** Marino-Zucco,'*^^ and Boinct,^”- 
found dark pigment in various organs after injuring or removing 
the adrenals. In Boinet’s experiments this pigment proved to l>e 
identical with “bronze” pigment obtained from the skin, mu- 
cous membranes and other structures derived from two fatal 
cases of Addison^s disease. As 1 pointed out in the first vol- 
ume, bronzing occurs in this affection only when the lesion of 
the adrenals is far advanced^ each of these organs (an indication 
of their important physiological function) being supplied, as 
shown by Langlois, Gourfein and others, with ten or eleven 
times the quantity of medulla required to sustain life. Lesions 
may thus be found post-mortem in the adrenals and no bronzing 
occur during life, merely because the local changes arc not sutli- 
eiently advanced, while, conversely, a lesion of the nervous or 


** Hammarsten: Loc. rt#., p. 592, 

••Walter Jones: Amor. Jour, of Physiol., vol. li, p. J180, 1899. 

Brown -S^quard: C. r. de la Soc. dc blol., 1892. 

Marino-Zucco: Arch. Ital. de Dlol., vol. I, 1888; and Riforma Medica, 
vol 1. p. 759, 1892. 

Boinet: Marseille m6d., Apr. Ifi, 1896. 
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vascular supply of the adrenals may so inhibit their functions, 
without entailing discernible local changes, as to cause marked 
bronzing. Under these conditions, any advanced lesion of the 
adrenals should give rise to bronzing irrespective of Addison^s 
disease. Several such instances have been reported by E. Ser- 
gent and Leon Bernard^®^ and others, besides those referred to 
in the first volume of this work. 

In the first volume, I also stated (page 93) that bronzing 
was attended with “haiinoglobin disintegration.” The pigment 
found by Boinet in his decapsulatcd rats, and corresponding to 
tlie “bronzing” pigment, presented microscopically all the char- 
acters of haeniatoidin, a substance also found in old blood ex- 
travasations and in apoplectic clots, and whicli, as stated by 
Gamgec, is “certainly derived from hcemoglabin” Melanin 
“may be uniformly regarded,” according to Charles, “as a 
derivative of the blood pigment.” In a recent work, E. C. 
HilP®® -also states that “it is derived from the blood pigment.” 

Chittenden and Albro,^®® however, state that the presence 
of sulphur “in very appreciable amounts constitutes one of the 
reasons for the belief that these substances have their origin 
in some protcid antecedent, while the absence of non, in most 
cases, excludes the view that they originate from the blood pig- 
ment.” That such is not the case, however, may be shown by 
the evidence these investigators adduce to support their con- 
clusion. Haimoglobin, we have seen, may be split into haematin, 
which contains all the iron, and the albuminous body, i,e., the 
oxidizing substance. Since, as shown, all the iron remains in 
the corpuscles, it is self-evident that melanin may not contain 
iron and still form part of the haemoglobin molecule. As 
stated by Chittenden and Albro, melanin contains sulphur. 
This necessarily refers it to the albuminous constituent of haj- 
moglobin also, since Gamgec states that “the sulphur belongs 
to the albuminous part of the molecule.” Again, the presence 
of this element indicates that “haemoglobin belongs to the pro- 
ieid compounds” (Halliburton^®^), and inasmuch as it is the 
albuminous body which contains the sulphur, it is this body 

Sergent and Bernard: Arch. gdn. de m6d., p. 27, July, 1899. 
iM Charles: ^‘Elements of Physiol, and Path. Chemistry,*' p. 284, 1884. 

106 Hill: “T. B. of Chemistry," p. 374, 1903. 

Chittenden and Albro: Amer. Jour, of Physiol., Yol. 11, p. 291, 1899. 

Halliburton: Schhfer's "T. B. of Physiol.,’’ yol. 1, p. 27, 1898. 
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which is of proteid nature. It is evident, therefore, tliat Chit- 
tenden and Albro^s conclusion that melanin does not originate 
from blood-pigment, cannot hold. 

Melanin remaining, therefore, a constituent of haemoglobin, 
i.e., the albuminous constituent I have ideii tilled as the oxidiz- 
ing substance, there is good ground for the belief that it con- 
tains adrenal secretion. This postulate acquires additional 
strength in view of the cardinal role I have ascribed to this se- 
cretion in tissue metabolism, and the fact that the skin-lluids — 
of batrachians at least — show by their positive reaction to the 
guaiac test that the oxidizing substance is present in tlieni. 

Points of analogy between haemoglobin and melanin on the 
one hand, and the oxidizing substance considered as active 
through its adrenal secretion, on the other, are discernible in 
various directions. Much of the chemical work done on the 
mclanins, however, is misleading in that possible sources of 
error were not taken into account. ^4f we consider for a mo- 
ment the methods which have been employed for the isolation and 
purification of the pigmenV^ says Walter Jones, ‘^and at tlie 
same time grant that these substances may be very sensitive to 
the action of chemical reagents, and that it is also within the 
bounds of possibility that the composition of the pigment, like 
that of hinmoglobin, is different for different animal species, we 
will then be in a position to appreciate just such a discordance 
of analytical results as that which actually cxists.^^ This re- 
mark applies forcibly to the question in point, for if melanin 
should j)rovc to be the catalytic body it now appears to be, the 
promiscuous use of reducing and oxidizing agents cannot but 
have introduced contradictory results at every turn. 

The marked sensitiveness to the action of reagents to which 
Walter Jones alludes is confirmed by Abel and Davis, who 
found that the composition of melanins isolated by them was 
“easily subject to change by subsequent treatment of the ma- 
terial with alkalies.” This same sensitiveness attends the al- 
buminous eonstituent of hiemoglobin; thus (lamgee refers to 
it as being “characterized by remarkable instability.” Strong 
alkalies that cause the hasmoglobin molecule to break down also 
annul the activity of adrenal extractives: “The use of alka- 

Abel and Davis: Jour, of Bxper. Med., vol. 1, p. 381, 1896. 
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lics/^ write Moore and Purinton/®® "should bo avoided in any 
method devised for the isolation of the active substance, since 
the activity is thereby rapidly^ destroyed.” As Moore^^® has 
previously stated that alkalies supplemented by heat also caused 
oxidation of the reducing agent in adrenal extract, melanin 
should lijcewise actively take up oxygen through alkalies, if the 
kinship really exists: Jones refers to several experiments in 
which ammonium permanganate was used as oxidizing agent, 
at temperatures between 0® and 5° C. "Even under these con- 
ditions,” says this chemist, "the permanganate is almost imme- 
diately decolorized, showing that in alkaline solution the pigment 
is oxidized with the greatest ease/* 

This not only clearly connects melanin with the adrenal 
secretion, but it does so with the adrenal secretion as a constitu- 
ent of the albuminous body. Indeed, we have seen that the sul- 
phur in haemoglobin belongs to the latter only, and that, as 
shown by Siebcr“^ and llirschfcld,^'® melanin also contains 
sulphur. 

Still, if melanin contains the adrenal secretion, the latter 
should also contain sulphur. The active principle of the 
adrenals contains no sulphur, the formula of adrenalin being 
C^HiaNO,,. The secretion, however, which embodies the active 
principle, contains this element. Manasse^^’ found it in the 
glandular substance. Metzger”^ also obtained it from adrenal 
precipitates. Gurber”® found that adrenal substance gave off 
sulphur in the form of sulphuretted hydrogen when heated to 
140° C. Sulphuretted hydrogen was also obtained by Schmiede- 
berg/^« from melanin. 

Additional evidence is afforded by the fact that melanin 
is precipitated from its solutions by agents which act similarly 
on adrenal extracts. Just as Vulpian, fifty years ago, found the 
expressed juice of adrenals insoluble in alcohol, ether and ben- 
zene, to which list others have added chloroform, so does Ar- 
thur Jones refer, in his recently published paper, to an acid 

Moore and Purinton; Amer. Jour, of Physiol., vol. Ill, p. xv, 1900. 

Moore: Jour, of Physiol., vol. xvll, p. xlv, 1894-9.'>. 

Sleber: Archiv f. exp. Path. u. Pharin., Bd. xx, S. .363, 1886. 
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Metzger: Inaug. Dissert., Giessen, 1897. 
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preparation (adrenalin is not destroyed in acid solutions) of 
melanin obtained by him^ as being ^^insoluble in alcohol, ether, 
benzene, acetic ether and chloroform/^ 

Again, several chemists have assimilated the chromogen 
of the adrenals to pyrocatechin, a substance found in mucin, 
the urine, etc., and which, precisely as Vulpian observed in the 
case of adrenal juices, gives an emerald green color with fer- 
ric chloride and other characteristic tests. Krukenburg^^'^ 
suggested that the chroniogenic substance contained pyrocate- 
chin. Brunner^^* found that an alcoholic extract of adrenals 
gave practically all the reactions of this body. Miihlmann”® 
likewise concluded that pyrocatechin was present in the 
adrenals, and observed that just as pyrocatechin became brown 
when exposed to light or to the action of alkalies, so did adrenal 
extractives. He held, therefore, that, inasmuch as the latter 
were powerful reducing agents, the adrenal seeretion on enter- 
ing the arterial blood became oxidized and turned brown. This, 
he thought, accounted for the bronzing of Addison’s disease. 
That this view is erroneous is obvious; for our arterial blood 
would, in that case, be oxidizing constantly the adrenal secre- 
tion irrespective of the presence of Addison’s disease. Again, 
since this disease is associated with a destructive lesion of the 
adrenals, it would tend to prevent bronzing, rather than 
cause it. 

Yet, Muhlmann’s conception, as interpreted from niy 
standpoint, embodies the main feature of the process of bronz- 
ing, i.e,, that it^ a product of the adrenals which, on becoming 
oxidized, turns brown in Addison’s disease. What is the nature 
of this process? 

We have not far to seek. Since bronzing occurs only in 
the advanced stage of Addison’s disease, and the pigment of 
bronzing appears in the blood after removal of both adrenals, 
it is evident that we are dealing with a general lowering of the 
blood-pressure such as that which occurs, as shown by Strehl 
and Weiss, when the adrenal veins (through which the secre- 
tion reaches the general circulation) are clamped. This means 
relaxation of all the vessels, a torpid circulation and passive 

Krukenburg: Archlv f. path. Anat. u. Physiol., Bd. cl, H. 3, S. 642, 1885. 

Brunner: Schwelzer Wochen. f. Pbarnri., 13d. xxx, S. 121, 1892. 

Mtthlmann : Deutsche med. Wochen., Nu. 26, S. 409, 1896. 
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infiltration into the cutaneous elements of blood-plasma con- 
taining oxidizing substance. All functional processes being 
torpid, absorption of the exudates is delayed and may even be 
arrested in tissues supplied by the diminutive capillaries of the 
surface, where the circulation is at best sluggish. It is here 
that the pigment accumulates, t.s., in the epidermal layers, 
where it may become oxidized by what oxygen the fluids in 
which it bathes may contain or oxygen derived from the air. 
The presence of sulphur, iron and other elements in the sur- 
rounding tissues may so influence the process as to give rise to 
various hues — those witnessed in various cutaneous disorders. 
A similar process may occur in any organ. 

We have seen in the third section that exposure of oxidase 
to the air was followed by a similar process and that juices de- 
rived from the skin of batrachians first became brown, then 
black. Osler^^® states that in Addison’s disease ^^the colora- 
tion ranges from a light yellow to a deep brown or even black.” 
Harlow Brooks’s^®^ case of extreme ana3mia attended with dis- 
ease of both adrenals, in which there was a ^^dark brown, glossy 
pigmentation” of the skin also recalls the process of lacquer 
formation with the oxidizing substance of the latex tree, i.e., 
laccasc, as described by Bertrand. In both these two extremes 
of organic life — man and plant — the reducto-oxidizing body 
had ceased to circulate in its normal channels, and, becoming 
oxidized, was converted into the substance which in man pro- 
duces “bronzing.” 

On the whole, the following conclusions seem warranted: 
(1) that hronzing is due to aiv accumulation of melanin in the 
epidermal layers of the shin; (2) thai melanin is a compound 
formed when oxidizing substance^ i.e., the albuminous portion 
of hemoglobin, has become vicariously oxidized in any organ 
(hematoidin) or in the skin; (3) that the constituent of oxidiz^ 
ing substance which becomes oxidized, when melanin is formed, 
is the adrenal secretion; (4) that whereas melanin is formed in 
any part of the body, the adrenal secretion dreuiates in ail parts 
of the body. 

lao Osier: '^Practice of Med./' p. 831. 1898. 

in Harlow Brooks: Med. Rec.. Feb. 22, 1902. 
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THE ACTIVE PRINCIPLE OF THE ADRENAL SECRETION AS 
THE ACTIVE AGENT OF THE OXIDIZING SUBSTANCE. 

To render all the evidence submitted so far conclusive, the 
actual presence of the active principle of the adrenals in the 
oxidizing substance, i.e., the albuminous portion of ha3moglobin, 
should be demonstrated! 

The minuteness of the dose of adrenal that will provoke 
marked effects suggests that it is as an active principle that it 
must carry on its important function. ^Tn order to produce 
a maximal effect,” says Schafer,^-* “a dose of not more than 
fourteen-millionth of a gramme of the active material per kilo 
of body-weight is all that is necessary. Now it is certainly true 
to say that one-fourteenth of this dose will produce some effect, 
although not, perhaps, a very large one. We thus arrive at 
the astounding conclusion, that the active principle of the su- 
prarenal capsules, administered in the proportion of not more 
than one-millionth part of a gramme per kilo of body-weight, 
which would be ecjuivalent to ^/taooo gnimme (less than Vsoo 
a grain) for an adult man, is still sufficient to produce distinct 
physiological results upon the heart and arteries.” The ac- 
tivity of minute doses has been emphasized also by the experi- 
ments of Moore and Purinton^*^ and lleid Himt.^'-** 

Even these diminutive doses perceptibly influence tissue- 
metabolism. Oliver and Schafer^^" refer to a slight, transitory 
^‘disturbance of the body temperature.” When the doses arc 
lethal the latter falls, but after large doses there is a distinct 
rise. KeicherP-® observed an elevation of 1° P. in rabbits, ac- 
companied by increased metabolism. Lcpine'“’^ states that the 
increase of blood-pressure is always followed by a rise of tem- 
perature. Morel,^*® in four guinea-pigs noted a rise of from 
V 2 ® to 1® C. (0.9® to 1.8® P.). This is controlled by the well- 
known phenomena that follow removal of both adrenals. Ijow- 
ering of the temperature was first noted by Brown-Sequard, 
and since by practically all experimenters. Vassale and Zan- 

Schafer; ''T. B. of Physiol./* vol. 1, p. 9G7. 1898. 

Moore and Purlnton: Amcr. Jour, of Physiol., vol. Ill, p. xv, 1900. 

»a*Reld Hunt: JMd., vol. v, p. vll, 1901. 

^“Oliver and Schhfer: Jour, of Physiol., vol. xvlll, p. 230, 1895. 

Reichert: Univ. of Penna. Med. Bull., Apr., 1901. 

^"Ldpine: Semalne mdd., Feb. 18, 1903. 

^ Morel: Le progrfis m^d., Aug. 3, 1903. 
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frognini^'-*® observed it even during the prolonged post-operative 
life insured by leaving a portion of the medullary substance in- 
tact and in situ. Finally, as is well known, hypothermia is a 
marked symptom of Addison’s disease. 

If the oxidizing substance, whether linked with the color- 
ing matter as in higher animals, or not, as in the colorless blood 
of invertebrates, actually contains the active principle of the 
adrenals, this principle should be found in the blood-plasma. 
Its presence therein was shown by F. Battelli.^®® As observed 
by Oliver and Schafer, lianglois and others, the effects of adrenal 
extract only last three or four minutes — a fact wliich led to the 
belief that it was destroyed in the blood. Such was found by 
l^attclli, however, not to be the case: Normal blood was rapidly 
centrifugalized. The serum thus obtained was acidulated, sub- 
jected to a temperature of 85® C. (which, as we have seen, de- 
stroys all active agents except the oxidizing ferment) and con- 
centrated by pressure. One cubic centimeter of this serum 
invariably raised the blood-pressure. That this was due to 
adrenal substance was shown by the fact that the concentrated 
serum was rendered inert by precisely the conditions that affect 
adrenalin similarly, i.e., oxidation by exposure to the air, and 
variations of activity on exposure to sunlight, diffuse light and 
darkness. Quantitative experiments, moreover, showed that 
‘^normal serum in the dog contains adrenalin in the proportion 
of 1 in 10,000,000 to 1 in 20,000,000.” This is exclusive, of 
course, of that contained in the ha?.moglobiii which had re- 
mained in the corpuscles. 

We have seen that the minuteness of the dose of adrenal 
extract that will produce distinct physiological effects is refer- 
red to by Schafer as “astounding,” its administration “in the 
proportion of not more than one-millionth part of a gram per 
kilo of body weight” to an adult man being “sufficient to pro- 
duce distinct physiological results upon the heart and arteries.” 
In the more recently discovered active principles we have far 
more powerful agents even than Schafer employed in his 
experiments. Indeed, Reid Hunt^®^ obtained the following 
effects with Abel’s active epinephrin sulphate : — 


iwVaasale and Zanfrognlnl: Riforma Medlca, Oct. 31. 1902. 

F. Battelll: C. r. de la Soc. de blol., vol. liv. p. 1179, 1902. 
Reid Hunt: Amer. Jour, of Physiol., vol. v, p. vll, IMl. 
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Biso of blood'preBBure 

0.083 millionths of a gram per kilo body iveight ... 5 miii. llg. 

0.23 millionths of a gram per kilo body weight ... 7 mm. Hg. 

0 49 millionths of a gram per kilo body weight . . . 15 mm. Hg. 

0.69 millionths of a gram per kilo body weight . . 20 mm. Hg. 

1 7 millionths of a gram per kilo body weight 24 mm. Hg. 

5.7 millionths of a gram per kilo body weight . 66 mm. Hg. 

^^These results show/^ according to Hunt, ^^that cpinephrin 
sulphate is many times more powerful than the aqueom extracts 
of the medulla of the suprarenal obtained by Moore and Purin- 
ton." As adrenalin is at least as aetive as epinephrin sulphate, 
the proportion of the former active principle found in the 
plasma by Battelli eorresponds with its ^‘astounding’’ activity, 
especially when we eonsider that in Hunt’s experiments, the 
quantities mentioned were added to that already present in the 
blood of the animals used. 

The faet that such minute quantities prove active is, from 
my standpoint, of great practical importance, since, as shown in 
the first volume, and as will be further emphasized, many of the 
effects of drugs, poisons, and toxins are in reality due to the fact 
that they indirectly stimulate the adrenals, and by thus causing 
these organs to increase tlie proportion of their secretion in the 
blood, eorrespondingly raise the blood-j)ressurc, hasten metabol- 
ism, etc. 

That the blood-plasma contains the adrenal active prin- 
ciple is shown by (jonsiderablc experimental evidence. 

In the first place, it is evident that as previously shown, 
the adrenal secretion as the constituent of the oxidizing sub- 
stance circulates in all parts of the body. This is demon- 
strated by the additional faet that it is found in slied blood 
in combination with other constituents of the plasma, t.c., in 
fibrin. 

Gamgce, as we have seen, found that very little was known 
as to the true nature of the albuminous constituent of luemo- 
globin, that to which I traced the adrenal secretion. He states, 
however, that “the most interesting observations on the at- 
huminous products of the decomposition of oxyhaunoglobin” 
were published nearly forty years ago by Kiihne,^”^ who showed 
that “when COj is passed through solutions of pure oxyluemo- 

»“Ktihne: “Lehrbuch,” S. 200, 207, 1808. 
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globin a ilocculent precipitate is thrown down which docs not 
possess, as had been erroneously asserted by A. Schmidt, fibrino- 
plastic properties.^^ 

In the light of recent experimental work, however, Kiihne’s 
observation is subject to a different interpretation. M. Ar- 
thus^®* refers to the blood coagulation as follows: ^^We know 
that the conversion of fibrinogen into fibrin, the fundamental 
phenomenon of coagulation in the blood, is caused by the ac- 
tion of a diastatic agent, fibrin ferment, thrombine, or plas- 
mase, produced by the leucocytes in the blood withdrawn from 
the vessels.” In the first volume I advanced the view that the 
body which converted fibrinogen into fibrin extra corpore was 
in reality the oxidizing substance and that leucocytes absorbed 
some of the latter to carry on their own functions. Now Abelous 
and Hiarnes^^^ found that ^'dilution and a current of carbon 
dioxide precipitate the oxidizing substance'*"* from saline solu- 
tions of fibrin. This conclusion was based on the fact that when 
a filtered and very active solution of fibrin containing ten per 
cent, of sodium chloride is diluted with distilled water to seven 
or eight times its volume, a current of COg passed through it 
causes the formation of a precipitate. ^^This precipitate,” say 
these investigators, ‘^treated directly with tincture of gmiac be- 
comes intensely blue. Conversely, the liquid from which it was 
separated remains absolutely inactive.” Now, Kiihne, as 
(Jamgee says, asserted that the precipitate thrown down by 
passing CO 2 through solutions of pure oxyhajiuoglobin did not 
possess fibrinoplastic properties. He found also, according to 
Gamgee, that this precipitate ^^does not behave as a globulin” 
and that “it forms long, colorless fibers” resembling connective 
tissue. It seems plain that his precipitate was simply fibrin. 
As such it had obviously lost its fibrinoplastic properties and 
become a compound of fibrinogen and oxidizing substance. 

All this shows that Schmidt was partly right when he con- 
cluded that the precipitate in question had fibrin-forming prop- 
erties. But it proves, moreover: (1) that since fibrin is ob- 
tainable from blood drawn from any portion of the body, the 
oxidizing substance, which turns blue when treated to guaiac, 

• The italics are Abelous and BlarnSs’s own.— S. 

^ M. Arthus: Jour, de physiol, et de path. g£n.. vol. HI. p. 897. 1901. 

^Abelous and BlarnOs: Arch, de Physiol.. T. x. p. 665, 1898. 



ADRENAL PRINCIPLE AS ACTIVE AGENT IN OXYGENATION. 845 


also circulates in all parts of the body^ and (2) that since the 
adrenal secretion is a constituent of the oxidizing substance it 
circulates likewise in all tissues. 

In the second place, there is no legitimate ground for 
doubt that, as I have already pointed out, it is the adrenal se- 
cretion in the plasma which carries on all respiratory processes. 

When the secretion leaves the adrenals to reach the vena 
cava by way of the suprarenal veins, some of it at least must 
remain in the plasma. Thus Dreyer, whose experiments have 
been referred to, obtained effects similar to those evoked by 
adrenal extracts with blood derived from the suprarenal veins 
and which had been defibrinated and then filtered through mus- 
lin. Bicdl used blood which had been both defibrinated and 
centrifugalized, and he specifies that it acted as effectually 
as the whole blood — a fact which led him to conclude that the 
^^active substance” was "also contained in the serum.” The 
experiments of Battelli referred to above were also performed 
with serum, and it was in this fluid that he found adrenalin. 
While Biedl used serum from the adrenal vein, Battelli analyzed 
serum from the general circulation — a fact which indicates 
widespread distribution of the secretion. 

That it is a constituent of the plasma which appropriates 
the adrenal secretion is further shown by the fact that the pro- 
portion of blood-cells in the circulating blood docs not influence 
the respiratory exchanges. Pembrey and Gurber^®® found that 
these remained the same in rabbits deprived by bleeding of one- 
half of their blood-corpuscles. As the liquid portion of the 
blood is restored at the expense of the lymph circulation, the 
proportion of red corpuscles was reduced one-half. Petten- 
kofer and Voit'*® have also shown that cases of simple anaemia, 
in which, therefore, the red corpuscles were greatly reduced in 
number, absorbed as much oxygen and excreted as much carbon 
dioxide as healthy men upon a similar diet and at rest. Sug- 
gestive in this connection is that this corresponds with Bohr 
and Henriques^s previously mentioned observation that when all 
the arteries given off by the aorta were ligated, the respiratory 
exchanges were sometimes increased, and that it was only when 


Pembrey and Gurber: Jour, of Physiol., vol. xy. p. 449, 1894. 
^ Pettonkofer and Volt: Zelt f. Biol.. Dd. v. S. 319, 1869. 
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that the active principle of the adrenals is insoluble in ether, 
chloroform, amyl alcohol and carbon disulphide. 

The constituent of haemoglobin which can thus be precipiv 
tated from its solutions is evidently contained in its alb&- 
minous portion (1)4 per cent, of hsemoglobin, the remaining, 
per cent, being hamiatin), since it is also precipitated by alcohojl 
as is laccase from its solutions, as stated by Bertrand, and from 
the extract of gills and palps of mollusks, which contain no 
coloring matter, as observed by Fieri and Fortier. Alcohol 
precipitated the active substance from fibrin extract — free from 
ha?matin, of course — in solution, as stated by Abelous and 
Biarnes. Xow, adrenalin, which, as pointed out by Battelli, 
is widespread throughout the plasma, is precipitated by the 
same reagents. Takamine, its discoverer, found that it was in- 
soluble in alcohol, ether and chloroform. 

Conversely, adrenal extracts were found very soluble in 
water, by Vulpian, and the hyaline droplets or granules of se- 
cretion derived from the adrenals likewise by Manassc.'*® 
Bertrand found the laccase of plants very soluble in water; the 
same property belonged to the oxidizing bodies in the crusta- 
ceans studied by Abelous and Biarn6s. Finally, adrenalin, 
though very slightly soluble in cold water, is soluble in warm 
water, and readily so at the temperature of the blood-stream. 

The correspondence between the chemical properties of ad- 
renal extracts, adrenalin and other adrenal extractives with those 
of the active principles of the oxidizing substance or oxidases 
wherever found thus shows that a ferment of which the active 
principle of the adrenal secretion is a type is the active agent in 
the oxygenation processes of all plants and animals. 

Concluding Remarks. — Fembrey,^^* in the recently pub- 
lished work already referred to, clearly defines the two antagon- 
istic views as to the nature of the respiratory process as follows: * 
(1) ^‘The gaseous exchange between the blood and the alveolar 
air is due to the relative partial pressure of the gases in the^ 
blood and alveolar air, and can be explained according to phyti- 
cal and chemical laws;” (2) ‘The gaseous exchange takes place 


Manasse; Loc. eit. 
Pembrey: Loc. cit., p. 613. 
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in opposition to the known physical and chemical laws, is of 
va special nature, a vital process akin to the secretion and ex- 
cjfetion of glands.” As interpreted from the evidence and 
? corifelusions submitted in the present work, the second view as- 
sumes another aspect: — we are not dealing with processes which 
in any way stand in opposition to known physical and chemical 
but with processes in which the relative partial pressure 
of gases does not enter at all. 

According to this interpretation, it is because the diffusion 
doctrine is a misapplication of the jjhysical and eliemical laws 
referred to that its sponsors even at this late date (1900) fail 
to agree. “So great is the want of agreement and irregularity 
of the results obtained by different observers with various forms 
of tonometer,” writes Pembrey, an able and impartial reviewer, 
“that the suspicion arises that there are sources of fallacy in 
the methods.” The chief of these, as 1 have pointed out, is 
reduction of the oxygen of the blood during its passage into and 
through the instnmient. Indeed, when Bohr devised one 
“through which,” says Pembrey, “a constant and rapid stream 
could be maintained,” the results were such as to show that 
“the absorption of oxygen in these cases could not be explained 
by diffusion.” Haldane and Lorrain Smith not only confirmed 
these results, but in their experiments, “the pressure of the gas 
in the arterial blood [was] higher in every ense.^^ * 

In the first volume, I pointed out that it was the secretion 
of the adrenals which took up the oxygen of the air to carry 
it to the tissues. We have seen in the present chapter that this 
conclusion was warranted. I may add that at every step of these 
researches an earnest effort was made to find evidence tending 
to weaken this conception and that not a single experimental 
;’fact was found which did not harmonize with it. That the 
diffusion doctrine has totally failed in this connection even 
among its defenders, we have seen. In comparison with this 
doctrine at least, therefore, the following conclusion stands 
proven : — 

"Vhe physiological function of the internal secretion of the 
adrenals is loosely to combine with the oxygen of the air in the 


* The Italics are my own.— S. 
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pulmonary alveoli and to endow the blood with its oxygenizing 
properties. 

Adrenoxidase. — As the term ^^oxyha>moglobin’’ includes 
the hseinatin of the lueinoglobin molecule as well as its albumin- 
ous constituent (the oxidizing substance or oxygenized adrenal 
secretion), it cannot be used to denote tlie latter, which alone 
carries on all oxygenation processes. Nor is the term “oxidiz- 
ing substance” applicable, since it refers to any agent capable 
of oxidizing. Hereafter, therefore, I will call this body 
^^adrenoxidasCy^ a term which embodies four salient features: 
its origin, the adrenals; its general distribution as suggested by 
“oxidase;” the identity of its active principle not only as a 
ferment, likewise suggested by “oxidase,” but also as a catalytic, 
a property common to all oxidases. 



CHAPTEK XIV. 


THE ADRENAL ACTIVE PRINCIPLE AS THE FERMENT 

OF FERMENTS. 

ADRENOXIDASE AS A CONSTITUENT OF ENTEROKINASE 
AND OF TRYPSIN. 

Notwithstanding the considerable work bestowed upon the 
pancreatic and other intestinal ferments, their nature has re- 
mained obscure. Moore,^ for instance, writes: ‘‘Practically 
nothing is known of the enzymes of the small intestine save 
their action on foodstuffs, none of them have been obtained 
in even approximately pure condition, and the fact that they 
are enzymes rests on the observation (1) that the action is de- 
stroyed by boiling and (2) that it takes place under antiseptic 
conditions.^^ As the oxidizing fcmients alone resist heat 
up to the boiling point; and as Schoenbein^ found oxidases in 
all secretions, the likelihood that the adrenoxidase plays an im- 
portant part in intestinal digestion is very great, especially in 
view of the fact that all secretions obtain their liiiids from the 
blood. This is further emphasized by the facts that the active 
principle of adrenoxidase is a catalytic, as we have seen, and 
that the ferments are known to possess this property, ^'hus, 
Moore, after defining the meaning of catalysis, states that “fer- 
ment actions are such catalytic reactions.” 

A zymogen or mother-substance, as is well known, is itself 
inactive. “The enzymes of the panereatic secretion are de- 
rived from the granules in the cells,” says Howell,** “but other 
facts show that the grannies do not contain the enzymes as 
such, but a preparatory material or mother substance to which 
the name zymogen (enzyme-maker) has been given.” Stewart,^ 
moreover, states that the “fresh pancreas is devoid of trypsin,” 
but that “it contains a substance which can readily be changed 
into trypsin; and this substance is soluble in glycerine, for the 

1 Moore: SchS-fer’s “T. B. of Physiol.,** vol. I, p. 341, 1898. 

*Schocnbein: Jour. f. prakt. Chemlo, Bd. Ixxxix, 186.3. 

•Howell: “Amer. T. B. of Physiol.,** vol. I, second edition, p. 2.3B, 1900. 

• Stewart:* “Manual of Physiol.,** fourth edition, p. 324, 1900. 
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inert extract becomes active when it is treated with dilute acetic 
acid, or even when it is diluted with water and kept at the body 
temperature.” Of the manner in which this occurs, however, 
nothing is known. 

Kccalling some of the properties of adrenal extractives, the 
process involved in the experiments outlined by Stewart sug- 
gests itself. In all processes attended by catalysis water is 
necessary. Moreover, as shown by Hoppe-Seyler,® Nencki® and 
others, fermentative reactions are invariably accompanied by 
hydration; in other words, as stated by Bunge,^ ^^these processes 
can only take place in the presence of water.” Hence, a glycer- 
ine extract of pancreatic mother-substance will not act unless 
water be added to it. Now, we have just seen that such an 
extract simply “diluted with water” becomes active. This ap- 
plies equally well to the corresponding effect of the dilute acetic 
acid referred to by Stewart. The water of the acetic acid solu- 
tion acts in the same manner, but as dilute mineral acids arc 
even more active diluents for the adrenal extractive than water 
alone, the operation is facilitated, and a very active ferment is 
obtained. 

This entails, however, the need of oxygen. SakharofI® re- 
cently showed that oxygen was a sine qua non in the action of 
ferments. Starch-paste containing diastase and heated to 50° 
C., but covered with a thick layer of boiled oil, produced no 
sugar, while a similar preparation, minus oil, t.e., exposed to 
the air, produced- sugar. *TJiis portion of the fermentative pro- 
cess evidently begins as soon as the ferment is formed in the 
organ, since Barcroft and Starling® state, basing their conclusion 
on exhaustive chemical and gasohietric experiments, that “the 
pancreatic secretion is accompanied by an increased oxygen ab- 
sorption,” thus confirming Sakharoff’s observation. 

That a direct connection between oxygen and trypsinogen 
in the formation of trypsin occurs, was, in fact, shown by Heid- 
enhain over thirty years ago..*® Indeed, Edkins** includes 


® IToppe-Seyler: PfUlger's Archiv, Bd. x!1, S. 14, 1876. 

"Ncnokl: Jour. f. prakt. Chemie, Bd. xvll, S. 105, 1879. 

7 Bunge: “Physiol, and Path. Chemistry,’* second American edition, p. 158, 


*Sakharoff: Roussky Vratch, Apr. 24, 1904. 

•Barcroft and Starling: Jour, of Physiol., vol. xxxl. No. 6, p. 491, 1904. 
10 Heldenhain: Archiv f. d. ges. Physiol., Bd. x, S. 557, 1875. 

“ Edkins: Schafer’s “T. B. of Physiol.,’’ vol. 1, p. 652, 1898. 
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amoDg the conclusions reached by Heidenhain the following: 
“If an inactive glycerine extract of fresh pancreas be dissolved 
in sodium bicarbonate^ 1 to ^ per cent, passing through it of 
oxygen will cause the same to become active.^^ Moreover, “the 
converse of the change brought about by the inllucncc of oxy- 
gen may also occur, for, through the deprivation of oxygen, ac- 
tivity becomes lost." 

Closely related to the process is the source of the oxygen 
thus consumed. Barcroft and Starling found that the “in- 
creased oxidation” of trypsinogen “takes place irrespective of 
increased blood-flow through the organ.” This confirms a cor- 
responding observation of O. May^-^ that “there is no direct re- 
lationship between the rate of secretion of pancreatic juice and 
the extent of the blood supply.” It is evident, therefore, that 
inasmuch as the quantity of blood supplied to the organ is not 
increased while the absorption of oxygen is, the source of the 
excess of oxygen must have been the blood itself. “JiJxeess,” in 
this connection, normally entails the presence of stored oxygen, 
or rather, of stored adrenoxidase, and of storage-cells, the red 
corpuscles, both of which, as I have shown in the forego! ug 
chapter, are available. 

The fact that the blood-flow through the organ is not aug- 
mented appears to conflict with the memorable observation of 
Claude Bernard that increased activity of the siihinaxillary 
gland is attended by an increased flow of blood through the or- 
gan, but as I have shown in the first volume (page 275), the in- 
creased flow is not at the expense of the general circulation, but 
is due to the shifting of a portion of the blood contained in 
the arterioles of the organ to the capillaries of its secretory 
elements. The details of the mechanism will be submitted 
later. The result as to increased blood in the organ remains 
the same. Indeed, Landois^® says, referring to the i)ancreas, 
that “during the act of secretion the blood-vessels behave like 
those of the salivary gland after stimulation of the 
facial nerve; they are dilated, the venous blood be- 
ing bright red.” The direct participation of oxygen in 
the formation of trypsin is also referred to by the same au- 

“ O. May: Jour, of Physiol., vol. xxx, p. 413, 1904. 

^Landois: -"T. B. of Human Physiol.,” . tenth edition, p. 307, 1906. 
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tlior/* in the following words: “Trypsin results through the 
taking of oxygen witliin the pancreas, from a mother substance, 
zymogen, which collects in the interior of the secreting cells/^ 

The manner in which the adrenoxidase is brought into 
contact with the pancreatic trypsinogen has been reviewed at 
length in the first volume. 1 may repeat, however, my eighth 
conclusion (page 405), that “the true secreting cells and those 
of the islands [of Langerhans] being in continuity and sur- 
rounding a common lumen (Opie), both bodies — (1) the zymo- 
gen, or trypsiiiogcn-forining granules, and (2) the plasma con- 
taining the splenic ferment and the oxidizing substance [adren- 
oxidase | — meet in this common lumen, which connects with the 
tenninal ramifications of the pancreatic duct.^" The process of 
trypsin formation, as I interpret it, tlms involves the secretory 
functions of the spleen, in accord with the views of Schiff, 
Herzen, I^achon and C3a(4ict and others. “Such a ‘charging’ of 
the pancreas by the spleen has been repeatedly suggested by 
Schiir,” says Ilannnarsten,^*"* “and his statements have not only 
been confirmed by these recent investigations but in part also 
explained.” The more recent experiments of Levene and 
Stookey^“ afford additional evidence in the same direction. 

The functional relationship between trypsin and the intes- 
tinal juices, I.C., the suocus entericus, includes a kindred process. 

An editorial writer’^ recently remarked, referring to the 
succus entericus, that in the case of trypsin, “it had been found 
that the presence of a special body is necessary before the fer- 
ment is capable of exercising its activity.” As to the nature 
of this agent, he says, “it has now been shown that this trans- 
formation is effected by a peculiar substance which has been 
termed entcrokinase and which apparently belongs to a special 
class of cellular products which in themselves are inactive, but 
are capable of activating certain ferments. Of the mode of 
action and the chemical nature of enterokinase, we know prac- 
tically nothing, and its origin even has not as yet been definitely 
ascertained.” 

Pawlow,^'* who introduced the term “enterokinase” nine 


‘^Landols: Thid., p. 305. 

m Hammaraten : “T. B. of Physiol. Chem.,” fourth Amer. edition, p. 323, 1904. 
Levene and Stookey: Amer. Jour, of Physiol., vol. xll, p. 1. 1904. 

Editorial, Medical News, Dec. .31, 1904. 

"•Pawlow: “The Work of the Digestive Glands," Eng. edition, p. 159, 1902. 
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years ago, refers to it ia the following teniis: ‘“Tlic siiceus eii- 
tericus undoubtedly possesses the striking capability ot auginent- 
ing the activity of the pancreatic ferments, and more especially 
tlie proteolytic. In the case of the latter, the increase often 
reaches to an astonishing degree, lie who lias oiic(i convinced 
himself of this by experiment will never doubt for a moment that 
this accentuating influence is the most important function of the 
succus entericus/" He also remarks: ^‘The application of the 
usual tests for ferment a(;tion — ^namely, destruction by boiling, 
activity in very small quantities, and so on — convinced ns 
[Schepowalnikow, his collaborator and himself | that in this 
case we were dealing in point of fact with a fennent. We had, 
therefore, discovered a ferment, not for this or that constituent 
of the food, but a fermeM of other ferments,-^ * 

More recent work has only served to confirm Pawlow and 
Schepowalnikow^s deductions. Thus, Bayliss and Starling*'-* 
were led, by a study of the literature of the subject and com- 
prehensive personal experiments, to conclude that while “tryp- 
sinogen is a stable hody,^^ .... “it is converted into trypsin by 
the action of enterokinase.’^ They also state that “trypsin is 
not an expression for two bodies, enterokinase and tryjisinogen 
acting together, but is a third substance produced as a result 
of the interaction of those two bodies, Le., enterohinase acts on 
trypsinogen like a ferment (Pawlow) and converts it into tryp- 
sin/' Finally they observe that enterokinase “has an extraor- 
dinary power of influencing the pancreatic juice” and that in 
one experiment 0.0001 cubic centimeter of an active eiitero- 
kinase “was able to activate 5 cubic centimeters of 2 ^ancrcatic 
juice in three days.” 

That enterokinase, the identity and origin of which, Ave 
have seen, have remained unknown, contains adrenoxidase is 
shown in various ways. We have seen that while the activity 
of trypsin rapidly declines after 60® C. — which means that its 
zymogen, trypsinogen, is destroyed at that temperature — adren- 
oxidase is only destroyed Avhen the boiling point is reached. In- 
deed, as observed by Moore and others, its active principle, that 
of the adrenals, requires several hours^ boiling before yielding. 


• The Italics of the last five words are Prof. Pawlow’s.— S. 
Bayliss and Starling: Jour, of Physiol., vol. xibx, p. 61, 1903. 
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Now, cnterokinase presents the same peculiarities. Not only, 
as stated by Pawlow, must the boiling point be reached for its 
destruction, but as observed by Bi6ry and Henri,'**® heating it 
twenty minutes to 120° C. — 20 degrees above boiling — ^may not 
entirely destroy its action. We have seen also that all adrenal 
extractives are extremely sensitive to the action of alkalies. 
‘‘The active trypsin,’" says Howell,-^ i.e., the trypsinogen plus 
enlerokinase, “is very easily destroyed, especially in alkaline so- 
lutions.” That enlerokinase is, like adrenoxidase, an oxidizing 
agent, is demonstrated by the experiments of Hcidenliain, Sak- 
harotf, and Barcroft and Starling. 

Other facts i)oint in the same direction. Schoenbein®* 
over forty years ago showed that the blood and the various se- 
cretions of animals, as well as the juices of the many vegetable 
tissues studied, produced a blue coloration with guaiac in the 
presence of hydrogen peroxide. lie ascribed this property to 
the presence of soluble ferments, trypsin, pepsin, etc. As 
stated by Oscar Loew,'^^ however, “investigations of recent 
years have shown that the blue guaiac reaction is due to a 
separate enzyme belonging to a new group of oxidases/^ In the 
light of the evidence adduced, the “oxidases” were obviously 
combined with soluble ferments referred to by Schoeiibcin. 
Finally, in the first volume (page 72D), I conclude that “the 
oxidizing substance [now adrenoxidase] corresponds with Ehr- 
licdi’s amboceptor.” Benjamin Moore, alluding to the inves- 
tigations of Dclezenne and Dastre and other Frcncli observers, 
says that they “regard the enlerokinase as an ‘amboceptor" in 
the language of Ehrlich, which serves to link together the 
attacked proteid and the trypsinogen, and so invokes the pro- 
teid cleavage.” 

Considered collectively, all these experimental facts indicate 
that the substance termed by . Fawlow enlerokinase^ and also 
''a ferment of ferments'' contains adrenoxidase. 


" Bi^ry and Henri; cited by BenJ. Moore, Hill’s "Recont Advances In 
Physiol, and Blo-Chemlstry.” p. 110, 1906.’ 

« Howell: “T. B. of Physiol.," p. 704, 1905. 

Schoenbeln: Loc. vit, 

“Oscar Loew: "Catalase," U. S. Dept, of Agriculture Rep., No. 68, 1901. 
“Benjamin Moore: Hill’s "Recent Advances in Physiol, and Blo-Chemlstry, ” 
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ADRENOXIDASE AS “SECRETIN;” ADRENOXIDASE PLUS 
NUCLEO-PROTEID AS ENTEROKINASE, AND THE 
ACTIVE PRINCIPLE OE ADRENOXIDASli: AS 
THE FERAIENT OF TRYPSIN. 

As is well known, the activity of ferments is dependent 
upon the temperature to which they are exposed. ‘‘The diges- 
tive enzymes are very sensitive to changes in temperature,” 
writes Moore,-® “they all act most energetically at or slightly 
above the body temperature.” The words “slightly above the 
body temperature” are very suggestive when it is recalled that 
fever and even hyperpyrexia mean a rise of but a few degrees 
above the normal temperature. Hammarsten'-® states, for ex- 
ample, that “many circumstances exert a marked influence on 
the rapidity of the trypsin digestion. With an increase in the 
quantity of enzyme present the digestion is hastened at least 
to a certain point, and the same is true also of an increase in 
temperature at least to about 40° C. [104° F.J, at which tem- 
perature the proteid is verxj rapidly dissolved by the trypsin.” 
Jle also says, referring to fibrin, the proteid generally used for 
such experiments: “Very considerable quantities of this pro- 
tcid body are dissolved by a small amount of trypsin at 37° to 
40° C. [1)8.()° to 104° F.J.” When we recall that Metchnikoff 
found that it was a trypsin which destroyed bacteria in his 
phagocytic leucocytes, we cannot but admit that there is a 
striking coincidence between the febrile state and the tempera- 
ture at which a germ-destroying ferment is very active. This 
suggests that we are dealing in this connection with an import- 
ant feature of pathology. 

How is the rise of temperature which (mhanccs the effi- 
ciency of ferments brought about? In the first volume 1 as- 
cribed this function to the interaction of the oxidizing sub- 
stance (adrenoxidase) and another familiar blood-constituent, 
fibrinogen, a body whose only function is now thought to be 
concerned with coagulation of the blood. 

Fibrin — the identical fibrin obtained by whipping blood — 
can, as we have seen, be split into two substances, fibrin-fer- 
ment and fibrinogen. That the former is the adrenoxidase was 


“Moore: hoc. cit, p. 320. 

“ Hammarsten: Loc. cit., p. 
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shown by the facts that it gave the blue coloration with guaiac 
(Arthus) and that this reaction only failed to occur when it had 
been heated to the boiling point, i.e.^ 100° C. (Abelous and 
Biarnes). Fibrinogen, on the other hand, is, according to 
Schafer, probably a loose combination of three substances, one 
of which alone is related to the question in point, viz., nucleo- 
proteid, and termed such because it contains nuclein. Now, 
‘^the nucleins arc rich in phosphorus^" says Hammarsten,®’^ ^^con- 
taining in the neighborhood of 5 per cent.^^ 

That librinogen and fibrin ferment (adrenoxidase) unite 
so readily to form the fibrin of shed blood betokens their mu- 
tual affinity. This fact is evidently of paramount importance 
in the vital process, for the nucleo-proteid constituent of fibrin- 
ogen is found as universally in plants and animals as is the oxi- 
dizing substance itself. Again, ‘The nucleo-proteids seem to 
be widely diffused in the animal body,^' says Hammarsten.®'* 
“They occur chiefly in the cclUnuclei, but they also often occur 
in the protoplasm.” In a union between the oxygenAaion adren- 
oxidasc and the phosphorusAaden nucleo-proteid w^e have a self- 
evident source of heat. Hence the fact that I ascribed (in the 
first volume) to a continuous reaction between the fibrinogen 
and the oxidizing substance (adrenoxidase) in the tissues and 
the blood-stream, not only the generation of heat in the animal 
organism, but also that of the heat energy to which ferments 
owe their exacerbations of activity. Thus a ferment is active 
in proportion as the relative quantity of fibrinogen and adren- 
oxidase present is great. 

The activity of the rcjaction which occurs when phosphorus 
and oxygen arc brought into contact under appropriate con- 
ditions hardly needs to be emphasized. “Ordinary phosphorus 
is very oxidizablc,” writes K. C. Hi 11,“® “igniting spontaneously 
in air at 50° to G0° [C], At lower temperatures it oxidizes 
more slowly with phosphorescence.” Bunge®® refers to oxygen 
in physiological functions as the “most potent source of energy.” 

The role of adrenoxidase is not only shown by the fact that 
as fibrin ferment it combines with the nucleo-proteid-laden 

Hammaraten : Loo. cit., p. 125. 

^ Hammaraten : Lor. cit, p. 66. 

»B. C. Hill: “T. B. of Chemlatry.*’ Philadelphia, 1903. 

SI’ Bunge: Loc. ciL, p. 237. 
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fibrinogen as soon as blood is shed, but also in that this union 
can occur in the circulating plasma. This is well illustrated 
by the presence in the plasma of what have been termed blood- 
platelets (droplets of adrenoxidase, we have seen) plus nucleo- 
proteid. According to the researches of Kossel and of Lilien- 
feld,”®^ says Hammar8ten,“* '"the blood-plates consist of a 
chemical combination between proteid and nuchiriy and hence 
they are called nuclein-plates by Lilienfeld, and are considered 
as derivatives of the cell nucleus.^^ In view of the data I have 
adduced, they represent a combination of adrenoxidase and 
nuclein-laden fibrinogen, thus forming an exact counterpart, as 
to the bodies involved, of coagulation in shed blood. In fact, 
Hammarsten says in this connection, ^Tt seems certain that the 
blood-plates stand in a certain relationship to the coagulation 
of blood.” He also states^-** that “coagulation is retarded by 
cooling” and “by diminishing the oxygen” — additional features 
in which coagulation corresponds with fermentation. 

The active part taken by adrenoxidase in the heat-produc- 
ing process through its combination with the nucleo-proteid 
(shed by leucocytes as we shall see) in the blood, is illustrated 
by the influence of removal of the adrenals, the sources of its ac- 
tive principle, on temperature. That this is markedly lowered 
was first shown by Brown-Sequard. Schafer, referring to the 
experiments of Marinesco, and Vassale and Sacchi, places 
“diminution of the body temperature” first among the results 
of bilateral extirpation. Hypothermia, as is well known, is a 
marked symptom of Addison’s disease. Conversely, as pre- 
viously stated, Oliver and Schafer, Lepine, Morel and Reichert 
all observed that adrenal extracts caused a rise of temperature, 
“accompanied,” in the case of the last named observer, “by 
increased metabolism.” This points to the wide-spread char- 
acter of the action of adrenoxidase, and to the presence in all 
parts of the body of the nucleo-protcid-laden fibrinogen with 
which it combines to liberate heat energy. 

Indeed, as already stated, nucleo-proteid has been found in 
all parts of the organism and in enzyme-secreting elements or 


Lilienfeld: Dubois- Reymond’s Archly f. Physiol, 1892 u. 1883. 
Hammarsten : hoc. Hi., p. 186. 

» Hammarsten: Loc. cit., p. 189. 
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their products: in gastric juice by Nencki and Sieber,®* 

in the pancreas by Ilaminarsten,®® in the liver by Halliburton,®® 
in the muscles by Pekelharing,®^ in the heart-muscle by Bot- 
tazzi and Hucheschi,®® in large quantities in the non-striated 
muscles by Miink and Velichi,®® and in the brain by Levene/® 
etc. Hammarsten/^ alluding to the presence of nucleo-proteid 
in the nervous system, says: "There does not seem to be any 
doubt that the proteids belong chiefly to the gray substance of 
the brain and to the axis-cylinders. The same remarks apply 
to the nuclein, which von Jaksch^® found in large quantities 
in the gray substance.” 

In the intestines — as elsewhere in the body, as shown in the 
first volume — the nucleo-proteid is supplied by leucocytes and 
is secreted by these cells as granulations. Hardy and Wesbrook^® 
state, as the result of personal experiments: "It appears to 
us to be clear that immigration of the oxyphilc cells into the 
epithelium and thence into the lumen [of the intestine] is a 
process of constant occurrence, at times so slight as to be barely 
detectable, at other times so excessive that the epithelium ap- 
pears to be riddled with these bodies. The most obvious change 
which the oxypliile cells manifest within the epithelium or the 
lumen of the gut is a diminution in the number of oxyphile gran- 
ules even to the total disappearance of these structures.” That 
the granules are oxyphile points to their identity as the phos- 
phorus-laden nucleo-proteid granules (Sherrington, Milroy, and 
Malcolm^^) which contribute to the formation of enterokinase by 
combining with adrenoxidasc. 

On the whole, the evidence available shows that it is to an 
exacerbation of the heat liberated by a continuous reaction between 
the phosphorus-iaden nucleo-proteid and the oxygen of the adren- 
oxidase that the augmentation of heat energy which endows fer- 
ments with increased activity should be ascribed, 

** Nencki and Sleber: Zeltsch. f. pbyslol. Cbemle, Bd. xxxll, S. 291, 1901. 

Hammarsten : IMd., Bd. xlx, S. 19, 1894. 

Halliburton ; Jour, of Physiol., vol. xlll, suppl., p. 806, 1892. 

” Pekelharing: Zeit f. Physiol. Chemle, Bd. xxll, S. 246, 1896. 

Bottazzl and Ducheschl; 11 Morgagni, vol. xxxlx. No. 10. 

»»Velichl: Centralbl. f. Physiol., Bd. xll, S. 351, 1898. 

Levene: Archives of Neurol, and Psycho-Path., vol. il. Nos. 1 and 2, 
p. 3. 1899. 

Hammarsten: Loe. rit., p. 406. 

«»von Jaksch; PflUger's Archlv, Bd. xlll, S. 469. 1876. 

“Hardy and Wesbrook: .Tour, of Physiol., vol. xvlll, p. 490. 1895. 

“Sherrington, Milroy and Malcolm: Jour, of Physiol., vol. xxv, p. 106, 1899. 
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Returning to the intestinal pancreatic juice, we find it to 
possess, in keeping with all fluids endowed with fermentative 
properties, its nucleo-proteid. The latter was recently found by 
Stassano and Billon^® to be a constituent of enterohinase. In 
other words, enterohinase is a compound of adremxidase and 
nucleo-proteid. 

This leaves adrenoxidase unisolatcd. Another subslancc 
found in the intestinal secretions, however, meets all the 
chemical tests of the active principle of the adrenals, i.e., that 
of adrenoxidase. 

Bayliss and Starling^® have given the name ^‘sccrctin’^ to ^‘a 
chemical substance which is formed in the mucous membrane 
of the upper parts of the small intestines under the influence 
of acid,” meaning by the latter, of course, the hydrochloric acid 
derived from the stomach immediately above. Tliis was. con- 
firmed by the observations of Pawlow, Popielski, Wertheimer 
and Lepage and others. Although Bayliss and Starling could 
not ^^give any definite suggestion as to the chemical nature of 
secretin,” the tests they enumerate arc clearly those of the 
adrenal active principle. Thus, while insoluble in aljsolute al- 
cohol and ether, it becomes soluble when water is added to the 
former; the authors state that *^a short boiling does not de- 
stroy it,” — a characteristic of adrenal extractives as shown by 
Moore. On evaporating a solution “the activity was found to 
disappear,” a fact which they ascribe “to slow oxidation.” The 
characteristic reducing power is shown by the fact that “the 
activity of a strong solution is very readily abolished by weak 
potassium pennanganate.” Adrenalin is not an alkaloid, ac- 
cording to Takamine, since, among other tests, it is not precipi- 
tated by tannin. Bayliss and Starling also say, alluding to se- 
cretin: “That it is not of the nature of an alkaloid or diamino- 
acid is shown by the fact of its not being precipitated by tan- 
nin.” It dialyses through parchment paper, so do adrenal ex- 
tractives. It promptly disappears when injected into the tissues 
— another peculiarity of adrenal extractives, readily accounted 
for when we consider that it soon becomes oxygen-laden and 
transformed into adrenoxidase. 

Stassano and Billon; G. r. de la Soc. de blol., p. 623, 1902. 

Bayliss and Starling: Jour, of Physiol., vol. xxlv, p. 99, 1899; and vol. 
uvlll, p. 326, 1902. 
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Bayliss and Starling found, moreover, that secretin prepa- 
rations made from the duodenum of the cat, rabbit, monkey and 
man^ ‘Vere all active as regards the pancreatic secretion of the 
dog;^^ while on that of the rabbit and monkey they tested the 
secretin of the dog, rabbit, monkey and man, also with positive 
results. They concluded, therefore, that “the secretin of all 
these animals is one and the same body.” These investigations 
have, as to their general features, been confirmed by Camus, 
Qley, Herzen and others. (Hammarsten.^^) The conclusion of 
Bayliss and Starling that secretin is the specific chemical 
excitant of the pancreatic secretion is also sustained in the light 
of my views, since, as we have seen, it is adrenoxidase which en- 
dows trypsinogen with its activity in the pancreas. 

On the whole, the following conclusions seem warranted: 
(1) the composition of the pancreatic juice is as follows: the 
normal product of the pancreas, the zymogen or mother substance 
trypsinogen; adrenoxidase — a substance now known as secreting* 
and nucleo-proteid ; (2) trypsin is formed when trypsinogen 

combines with enterokinase, a body composed of adrenoxidase and 
nucleo-proteid ; (3) trypsin causes hydrolytic cleavage of pro- 
teids, and its proteolytic activity is due to the intrinsic heat- 
energy its oxygen-laden adrenoxidase and its phosphorus-laden 
nucleo-proteid liberate when combined. 

An additional conclusion warranted by the evidence sub- 
mitted is that trypsin owes its activity as a ferment to adrenoxi- 
dase, since it is the only one of its three constituents that is en- 
dowed with the properties of a ferment, i,e,, of provoking cataly- 
sis. The bearing of this fact becomes self-evident in view of 
Moore’s^® statement that “ferment actions are such catalytic 
reactions.” 

THE ACTIVE PRINCIPLE OF ADRENOXIDASE AS THE FERMENT 

OF PTYALIN, AMYLOPSIN, LIPASE, AND MALTASE, 

AND OF THE DIASTASE WHICH CONVERTS 
GLYCOGEN INTO SUGAR. 

The fact that, as stated by Ilammarsten,*® the pancreatic 
juice (dog) contains “amylopsin, trypsin, steapsin and rennin,” 

Hanimarsten : hoc. cit, p. 322. 

“Moore: Schafer’s "T. B. of Physiol..” vol. I, p. 317. 1898. 

“ HaTDTDarsten : Loc. cit, p. 324. 
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suggests that these ferments are all produced under similar 
conditions and that their zymogens owe their activity to adren- 
oxidasc and nueleo-proteid. That such is actually the case, i.e., 
that the process through which trypsin becomes a proteolytic 
ferment exemplifies that which prevails in the case of all pan- 
creatic ferments, is sustained by considerable direct and indi- 
rect evidence. 

The starch-splitting femunt of the saliva, ptyalin, is now 
considered by most authorities to be the same as that of the 
pancreas, amylopsin. As stated by Moore “In their be- 
havior to change of temperature and reaction the two enzymes 
are identical; the rate of conversion of starch into other sub- 
stances depends on the concentration of the enzymes in the 
solution” — a fact which plainly suggests that tlic diiferences 
observed can he “entirely produced by differences in concentra- 
tion.^^ The two ferments will, therefore, be considered to- 
gether. 

The first question to suggest itself is whether we are deal- 
ing with a ferment, sin(?e, as is well known, starch may be con- 
verted into sugar by ordinary chemical procedures. 

That a ferment is the active agent in the physiological pro- 
cess is shown by the fact that Koberts®' found that amylojisin 
could convert 40,000 times its weight of starch — obviously as 
the result of a fermentation. As the adrenal active principle 
of adrenoxidase is essentially a ferment — the dens ex machina 
of enterokinase — it meets the need in this particular. Again, 
we have seen that secretin strikingly corresponds as to its 
chemical reactions with the adrenal principle. Ptyalin, which 
is now considered identical with amylopsin, shows a similar cor- 
respondence with the same active principle, i.e., adrenalin. It is 
precipitated by absolute alcohol, but as water is added to the 
latter its solubility increases; it acts best in a faintly acid so- 
lution. A pure ptyalin — which gave none of the proteid re- 
actions — isolated by Cohnheim,*^^ presented, moreover, the 
characteristic test of adrenalin: it resisted the boiling tempera- 
ture. That the active ferment of ptyalin is that present in 
adrenoxidase is further shown by the fact that, as we have seen, 

•®® Moore: Loc. p. 328. 

Roberts: Lumlelan Lectures, London, 1891. 

^Cohnhelm: Virchow’s Arebiv, Bd. xxvlil, S. 241, 1863. 
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Schoenbein®* produced a blue coloration of saliva and secretion 
of mucous membranes with tincture of guaiac in the presence 
of hydrogen peroxide. 

As to the presence of nucleo-proteid in both amylopsin 
and ptyalin, the evidence is also direct. Not only have we seen 
that the pancreas is supplied with this body available for all 
its zymogens, including, therefore, amylopsin, but Ilammar- 
sten®* includes among the constituents of saliva, both nuclein 
and nucleo-proteid. 

All this is further sustained by the fact that the needs of 
the catalytic process which the presence of adrenoxidase en- 
tails are met by a very marked oxygen absorption, as shown in 
the following linos by Bunge:®® ^‘That oxygen passes through 
the capillary wall in the salivjiry glands is apparent, for the 
simple reason that the saliva contains free oxygen. So large 
an amount of oxygen passes out of the blood, therefore, that the 
cells of the glandular tissue cannot consume it, and the excess 
escapes into the seeretion.^^ What this illustrates, of course, is 
the marked vigor of the catalytic action sustained by the adren- 
oxidase. Again, Pfliiger®® ascertained the presence of absorbed 
oxygen in the submaxillary secretion with the aid of the gas- 
pump; he found that it amounted to from 0.4 to 0.6 per cent, 
of the volume of the saliva. This fact was confirmed by Hoppe- 
Seyler, who ^Tound that the secretions of both the submaxillary 
and of the parotid contained oxygen/^ 

That the starch-splitting ferment is, like trypsin, activated 
by adrenoxidase and nucleo-proteid, appears to me self-evident. 

As to the fal~splilling ferment lipase (pialyn, steapsin), the 
data available are very scant. According to Moore,®’ ^Very 
little is known of the fat-splitting enzyme, pialyn, of the pan- 
creatic juice. That the action is due to an enzyme, however, is 
shown by the following experimental observations: (a) The 
action is dcslro 3 '^ed when the pancreatic juice or active pan- 
creatic extracts arc hoiled; (6) it takes place in the presence 
of antiseptics, and hence cannot be due to bacteria” 

"Schocnbeln: Loc. cit. 

Hammarsten : Loc. cit., p. 286. 

“ Bunge: Loc. Ht., p. 246. 

“ PflUger: PflUger’s Archlv, Bd. I, S. 686, 1868. 

” Moore: Loc. tHt., p. 3.19. 

“NenckI; Arch. f. exp. Path. u. Pharm., Bd. xx, S. 367, 1886. 
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(Nencki®**). That oxygen takes part in the process is sug- 
gested by the fact that, as stated by Landois,®*-^ its action on 
fatty acids is attended by the production of CO2 and II in the 
absence of micro-organisms. Again, we have seen that Sak- 
harolf found that ferraenti remained inactive in the absence 
of oxygen. 

The role of the intestinal juice in the process is cmpliasized 
by the observations of Bunge,*** that even after removal of tlie 
pancreas, the greater part of fat administered to dogs con- 
tinued to be split into fatty acids and glycerin — a process which 
(jorresponds with that ascribed to entcrokinase by Pawlow. 
The participation of the oxygen and nucleo-proteid of entero- 
kinase in the cleavage of fat is also shown by the fact tliat, 
as stated by Moore, the activity of lipase ^‘is greatly increased 
by the presence of bile.^^ Now, Glaessner*- showed recently 
that this applied to diastatic ferments as well as to fat-splitting 
ferments — a fact which indicates that the latter must be acti- 
vated by the same agents that activate ptyalin, amylopsin, etc. 
The identity of the agent which in bile ])rodiices this action is 
suggested by Moore’s statement that^raijkull** has proved that 
the mucin-like substance which gives bile its viscidity really 
belongs to the mieleo-protcids.'^ As nucleo-proteid is neces- 
sarily secreted into the intestine, it plays in the fat-splitting 
process precisely the role it fulfills in conjunction with adren- 
oxidase in other fermentative processes reviewed. It is evi- 
dently, as in the case of trypsin, ptyalin and amylopsin, one of 
hydrolytic cleavage, for Claude Bernard** showed that the fat- 
molecule took up three molecules of water and split into 
glycerin and three molecules of fatty acid. 

Although the evidence in the case of the fat-splitting fer- 
ment is partly inferential, owing to the paucity of experimental 
data, the temperature at which it is destroyed, its kinship to 
amylopsin and therefore ptyalin which colors guaiac blue; the 
facts that it is produced hy the same organ as trypsin and that 
its activity is enhanced by contact with bile, a body rich in 

B'Landols: Loe. rit., p. 306. 

®® nungc: Loc. p. 166. 

Moore: Loc. cit., p. 339. 

** Olaessner: Zeit. f. phyalol. Chemie, Dd. x1, S. 465, 1904. 

•>Paijkull: Ibid., Bd. xll, S. 196. 1888. 

** Claude Bernard: Ann. de chlm. et do phys., SOr. Ill, p. 474, 1849. 
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nucleo-proteid, indicate that it differs in no way from trypsin 
as to the manner in which it is physiologically activated. 

As stated by Landois/“ ‘Hhc pancreas also prepares a sugar- 
splitting ferment. If a solution of sugar is digested with an 
aqueous or glycerin extract of pan^reas^ the amount of sugar 
diminishes.” This ferment is maltase, which converts maltose 
into dextrose^ the sugar found in the urine in glycosuria. Mal- 
tase is also present in the saliva, which, we have seen, colors 
guaiac blue and contains nucleo-proteid. Wherever found, 
therefore, it is accompanied by adrcnoxidase and nucleo-pro- 
teid, since these bodies are also present in pancreatic juice. 
Now, Cohnhcim“® was recently led, after a series of experi- 
mental investigations, to compare the formation of the pan- 
creatic sugar-splitting ferment to that of trypsin as inter- 
preted by Pawlow, i.c., with enterokinase (which, we have seen, 
contains both adrcnoxidase and nucleo-proteid) as the activating 
agent of the trypsinogen. A subsequent series of researches 
by the same investigator,®^ having for its purpose to identify 
the ^^glycolytic body” as he terms it, showed that it withstood 
hoilingy and that it was soluble in water and 90 per cent, alcohol. 
Both these tests are characteristic of the adrenal active prin- 
ciple, since, as we have seen, it is soluble in alcohol contain- 
ing water, i.c., 96 per cent, alcohol. Cohnheim mentions an- 
other test which applies to the adrenal principle, viz.y that it is 
insoluble in ether. Finally, as to the nature of flie glycolytic 
body, he concludes that it is not a ferment — such as pepsin, 
trypsin, etc. — but a body closely allied as to its characteristics 
to the constituents of various internal secretions, among which 
he mentions adrenalin and secretin — the identical bodies which 
I have identified as the active principle of adrcnoxidase as to 
the adrenalin, and as adrenoxidase as to secretin. Cohnheim 
was thus brought back to a conclusion which I had reached one 
year before him (see page 411 in the first volume), viz.y that 
^^L6pine’s glycolytic ferment is the oxidizing substance” — ^now 
the adrenoxidase. 

In the light of the foregoing facts, however, the adren- 
oxidase is not itself the glycolytic agent, but it endows the 

"Landols: Lac. dt.. p. 307. 

** Cobnhelm: Zelt. f. physiol. Chemle, Bd. xzzix, 336, 1903. 

•7 Cohnheim: Ibid., Bd. zlil, S. 401, 1904, 
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latter, i.e., the sugar-splitting ferment maltase, with its prop- 
erty as such, this ferment being composed of the pancreatic 
zymogen, adrenoxidase and nucleo-proteid. As such, it is an 
exact counterpart of trypsin, but acting on sugars instead of 
proteids. 

Closely allied to this process is that through which glycogen 
is converted into sugar. When, as shown by Minkowski, von 
Mering, Dominicis, von Noorden and others, the pancreas is re- 
moved from animals, glycosuria appears. This is due to the 
absorption into the blood of sugars ingested as such or derived 
from starches converted into sugar in the alimentary tract and 
eliminated by the urine. Thus Minkowski found, and his re- 
sults were confirmed by Iledon,®* that a fixed quantity of sugar, 
administered to animals deprived of their pancreas, caused an in- 
crease of sugar in the urine precisely equal to the quantity given. 
In normal animals, however, this morbid phenomenon does not 
occur. The several varieties of sugar and their anhydrides, 
dextrine and starches, contribute to the formation of glycogen, 
which is stored, as is well known, in the liver, to be, as first sug- 
gested by Claude Bernard, converted into sugar for use in the 
organism at large; the muscles in particular. Bernard con- 
cluded that this is effected by a diastatic ferment — a view which, 
according to Hammarsten, ^fis accepted by most investigators.^^ 
I may recall in this connection that I pointed out in the first 
volume (page 404) the source of his ferment, viz,y the pancreas, 
the pancreatic juice reaching the liver by way of the splenic 
and portal veins, as an internal secretion. Indeed, J. Rose 
Bradford®® states that ^^pancreatic diabetes may be produced 
not only by removal of the pancreas, but also by ligature of the 
pancreatic veins,” a fact which indicates that obliteration of 
the vessels which carry, as interpreted from my standpoint, the 
pancreatic products to the splenic vein annuls the organ^s func- 
tions as to its relations with the liver. This not only sustains 
Bernardos conception as to the intervention of a diastatic fer- 
ment, but it assimilates the latter to the ferment by which the 
conversion of starches into sugar is brought about in the in- 
testine, t.s., amylopsin and its homologue in the saliva, ptyalin, 

«BH6don: Archives de physiol.. Jan., p. 154. 1893. 

••J. Rose Bradford: Practitioner, Aug., 1900. 
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which we have seen contains both adrenoxidase and nucleo- 
protcid. 

Diabetes — a form of this disease as least — should under 
these conditions be caused by an excessive production of amy- 
lopsin by the pancreas. Again, the overproduction of this fer- 
ment should be caused by an excess of adrenoxidase in the 
blood, since this body supplies the body at large with oxygen, 
and is the promotor of tissue metabolism. Briefly we should 
have (1) an increase of pancreatic activity entailing overpro- 
duction of amyloiisiiiogen, (2) leucocytogenesis, which entails, 
as we will see, an iiKjreascd production of nucleo-jiroteid, and 
(11) the active principle in adrenoxidase, — the three agents 
which jointly form the amylolytic or diastatic ferment to 
which the conversion of glycogen into sugar is due. That such 
is the case is shown by the fact that the injection of the adrenal 
principle into the blood, adding thereby to its normal con- 
tent in adrenoxidase, gives rise to glycosuria. 

We have seen, in the first volume, that Blum, Croftan, 
Ilcrter and others caused glycosuria by injecting adrenal ex- 
tractives. This has been confirmed by a number of investigat- 
ors. Herter and Kichards not only produced glycosuria in ani- 
mals, whetlier the adrenal active principle was introduced endo- 
venously, subcutaneously or endopcritoneally, but Melzgcr’^’^ 
found that when adrenal extract was given to dogs there was 
hyperglycaemia, i,e., an actual increase of sugar in the blood. 
Finally, Herter and Wakeman^^ found, moreover, that com- 
pression of the adrenal glands, thus causing hypersecretion, 
caused glycosuria, and that removal of these organs or ligation 
of their vessels caused a ^^considerable fall of the sugar-content 
of the blood.” 

Considered collectively, all this evidence seems to me to 
show (1) that the mode of formation of trypsin and the man- 
ner in which it is activated and endowed with Us properties as a 
ferment, is common to all pancreatic ferments; {2) that all 
the pancreatic zymogens are converted into ferments by combin- 
ing with adrenoxidase and nucleo-proteid ; (3) that they are all 
activated by the joint action of adrenoxidase and nucleo-proteid; 


MctzRcr: Mfinch. med. Woch., M^r. 25, 1902. 

Herter and Wakeman: Amer. Jour. Med. Scl., Jan. 1903. 
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and (4) that they all acquire their property as ferments from 
the active principle of the adrenoxidase they contain. 

THE ACTIVE PRINCIPLE OF ADRENOXIDASE AS THE FERMENT 

OF THE COAGULATION FERMENT, AND RENNIN AS 
“FIBRINOGEN PROPER ” THE ZYMOGEN OF 
FIBRINOGEN PROPER. 

A prominent gastric ferment is the familiar milk-curdling 
rcnnin or lab discovered by Hammarsten in 187^. The process 
of coagulation which rcnnin provokes in milk was regarded by 
this distinguished chemist as analogous to that of blood-coagu- 
lation, but he ascribed it to the specific ferment named. Analy- 
sis of the question in the light of my views suggests, however, 
that milk coagulation is an artificial process, i.c., one which has 
no physiological application, and that it is caused incidentally 
when the ferment which causes blood coagulation is added to 
milk. This entails the conclusion also that such a ferment as 
‘^rennin” does not exist as a separate entity. 

A curious feature of the milk-curdling ferment is that it 
is found in many plants, in the blood of invertebrates, and also 
in that of vertebrates which do not secrete milk. ^‘Thc pres- 
ence of rcnnin in the stomach of birds and fishes is very rcniark- 
al)le,” says Moorc,^^ “and points to some wider function at pres- 
ent unknown to us, since it cannot be supposed that in such ani- 
mals the ferment plays any jmrt in connection with the clotting 
of milk.^^ Again, while rennin is found in the stomach, where it 
is supposed to carry on its function, a substance capable of pro- 
ducing similar effects also exists in other parts of the body. 
Thus, extracts of t(^stcs, liver, lung, kidney, muscle, spleen, thy- 
mus, thyroid, brain, small intestine, ovary and blood were all 
found by Kdmuiids'^^ to induce the formation of casein when 
added to milk. Moreover, Moro and Hamburger’^* found that 
a drop of hydrocele fluid from an infant, to which a drop of hu- 
man milk was added, clotted almost immediately. 

Again, although thirty years have elapsed since rennin was 
discovered, the actual need or usefulness of a milk-curdling fer- 
ment in the stonundi has not, as yet, been shown. HowelV® 

”Mooro: hoc. Ht., p. 334. 

w Edmunds: Jour, of Physiol., vol. xlx, p. 466, 1896. 

I* Moro and Hamburger: Wiener kiln. Wochen., Jan. .30. 1902. 

"Howell: ••Amer. T. B. of Physiol./* vol. I, p. 296, 1900. 
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for instance, states that ‘‘the value of the curdling action is 
not at once apparent,” but “we may suppose” he adds, “that 
casein is more easily digested by the proteolytic enzymes after 
it has been brought into a solid form.” Bunge^® says that “the 
significance of rennet ferment and casein coagulation in the 
stomach is still unexplained.” Stewart^^ also says that “we 
have no precise knowledge” as to its exact function. 

Conversely we have in the similarity between the blood and 
milk good ground for the belief that a phenomenon provoked 
in the former by a given ferment will likewise induce it in the 
latter. Harris^** has called attention to the many points of re- 
semblance between milk and blood coagulation. ‘^Both fluids 
coagulate by an enzyme,” says this investigator, “the clot en- 
tangling the solid bodies being jelly-like, filling the dish, then 
contracting and expressing scrum and whey respectively. 
Decalcification of each prevents clotting. In both heat is 
given out during coagulation. In both a low temperature 
retards coagulation.” He also states, however, that while 
“blood has all its factors for clotting within itself” .... 
“milk has not.” 

It is as a nutritional agent that milk differs from blood. 
This is shown V)y the relative structure of these fluids. “Milk 
is a perfect food, but blood is not,” continues Harris; “blood- 
clot has fibers in a felt-work; curd has no visible fibers, but 
is molecular.” Though derived from the blood, in other words, 
and containing its main components, the structure of milk 
as it is provided by Nature, is eminently fitted Jor the nutrition 
of the suckling. 

The clot formed in shed milk by rennet becomes, there- 
fore, an adventitious product, and the presence of “rennet” in 
plants, in the stomachs of animals which arc not milk-fed, and 
in the blood of organs other than the stomach, suggests that 
we are dealing with a constituent of the general blood-stream 
irrespective of any specific action of milk. 

The true identity of rennin is shown by the nature of the 
milk clot and its mode of formation. 
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Referring to milk-curdling, Howell^® says: ^‘The whole 
process resembles the clotting of the blood not only in the su- 
perficial phenomena, but also in the character of the chemical 
changes/’ Granting that caseinogen, as its name implies, is 
a zymogen or mother substance and that it is an homologue of 
fibrinogen, we are brought to assimilate rennin to fibrin fer- 
ment. Yet, Moro and Hamburger have suggested, on the basis 
of their experiments, that milk might also contain fibrin fer- 
ment. Moreover,- we have seen that the presence of oxidase 
— fibrin ferment — ^lias been made evident by the guaiac test. 
(Arthus), thus confirming Moro and Hamburger’s surmise. If 
coagulation were ascribed to fibrin ferment, therefore, the pro- 
cess would have to be explained by an increase in the relative 
proportion of the latter in the milk — an obvious fallacy. 

Fibrinogen, on the other hand, meets all the needs of the 
phenomena witnessed. It is not a normal constituent of milk, 
but a sine qua non of the blood coagulation. The fibrin ferment 
being present in milk, the addition of fibrinogen causes coagula- 
tion simply because it re-establishes conditions as they were in 
the blood-stream — conditions which it is the function of the 
mammary ylands to prevent. This explains why ^^rennin” is 
found in the blood of some plants, fishes and birds, and in or- 
gans which should not contain it according to the prevailing 
doctrine, and why, also, fibrinogen, a constituent of the general 
blood-stream, can act as rennin. 

Again, fibrinogen is no less able to provoke active fermen- 
tation than rennin. The fact observed by Hammarsten,®® for 
instance, that one part of rennin can curdle 400,000 to 800,000 
parts of milk, is but a parallel of the process evoked when tryp- 
sinogen and the nucleo-protcid-laden enterokinase combine to 
form the trypsin. The mere addition of a small amount of 
mother substance to a fluid containing ferment suffices to start 
this action, and the milk’s adrenoxidase being the fibrin fer- 
ment, a small quantity of fibrinogen (plus calcium salts) suffices 
to start the process ascribed to rennin, i.e., coagulation. And 
this process differs in no way from that ascribed to the latter: 
the caseinogen is split into two substances, the curd (casein) 
and a soluble proteid, by the fibrin ferment. The only differ- 

™ Howell: “Amer. T. B. of Physiol/* vol. 1, p. 296. 1900. 

Hammarsten: Jahrb. u. d. Fort. d. Thier.-Chem., Bd. vil, S. 106. 1877. 
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dice in tlic dot is that, as already stated, it is not filamentous as 
is the fibrinous blood-clot. 

This interpretation eliminates all the discrepancies which 
have attended reiinin from the start and which have never been 
met. 

Tluis, we have seen that milk, as shown by Arnold, Spol- 
verini, Marfan, Gillet, Wender and others, contains oxidase, 
i.e,, the fibrin ferment, but that it has not been found to con- 
tain fibrinogen. This suggests that the lluidity of the milk is a 
physiological necessity which the glandular elements of the 
mammary glands insure by preventing the access to it of this 
substance. Under these circumstances, it becomes evident that: 

(1) Itennin being fibrinogen, the addition of this body to milk 
causes clotting because adrenoxidase is present in the latter. 

(2) The clotting of human milk wIkui hydrocele fluid is added 
to it (^loro and llamburg(‘r) is due to the fact that the lattej 
contains fibrinogen while the former contains fibrin ferment, 

(3) I'he clotting of milk by organic and blood extracts (Ed- 
munds) is due to the fibrinogen combined with adrenoxidase 
which all smdi extracts contain. (4) The clotting of milk on 
adding pancreatic juice (Itoberts, Edkins, llallilnirion) is due to 
the ])resence in the latter of adrenoxidase and of the fibrinogen 
coiiibined with it. (5) Jtennin being fibrinogen, it is a normal 
constituent of the blood of invertebrates and of the fluids of 
plants. 

On the whole, it seems evident that such a ferment as ren- 
nin, for which no specific 1 unction has so far been found, does 
not exist as a separate entity, and that, wdicrcver it is associ- 
ated with a given process, the role ascrib(;d to it can be ful- 
filled by fibrinogen. 

We must not, however, lose sight of the fact that fibrino- 
gen contains several substances. Schafer,^^ for instance, states 
that ‘^^fibrinogen is probably a mixture, or loose combination, of 
at least three substances: (1) Fihrinofjeji proper, coagulating 
at 56® C., (2) the globulin described by Ilammarsten and termed 
fibrino-glohdin, coagulating at 65® C., (fl) a nucUo-proleitV^ 

With which of these constituents docs ronnin correspond? 

Eennin is evidently not adrenoxidase, which, we have now 

" Schafer: hoc, cit, vol. 1, p. 165, 
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seen repeatedly, resists all temperatures up to 100® C., the boil- 
ing point, for Ilanirnarsten states'*^ that ^‘if an active and 
strong infusion of the gastric mucosa in water containing 3 per 
mille hydrochloru; acid is heated to 37-10® C. for 48 hours, the 
rennin is destroyed, while the pepsin remains/^ In neutral 
solution, however, rennin is only destroyed at 70® C. 

Is it fibrinogen j^roper? 

While fibrin is formed, as is well known, when blood is with- 
draAvn from the vessels, Alex. Schmidt observed that pericardial, 
ascitic and other fluids did not coagulate sjxnitaneously notwith- 
standing the presence of fibrinogen in them, but that they did 
so on the addition of blood-plasma. lie attributed this result 
to a combination of the serum-globulin and fibrin ferment. 
Ilainmarsten”^ showed, however, tliat serum-globulin played no 
role in fibrin formation, and that by half saturating blood- 
plasma with sodium chloride, a precipitate was obtained, ^^fibrin- 
ogen proper,^^ wliich by the action of kSehmidt’s fibrin fenmuit 
was converted into fibrin. Fibrin ferment being, as we have 
seen, adronoxidase, the formation of fibrin suggests itself as 
another example of the influence of the adreiioxidase on a zymo- 
gen. It becomes a question, therefore, whether fibrinogen 
pro[)er a(?tually jdays the same role here that trypsinogen does 
in the building up of trypsin. 

If such is the case, the third constituent of the triad we 
have met in all fernumts so far studied should also be present, 
le., nucleo-proteid. 'Iliat it is present is strikingly shown 
by the following quotation: ""Fluids which collect in tiie serous 
cavities of the body (pericardial fluid, hydrocele fluid, ascitic 
fluid) frc(|uently contain no leucocytes,^^ writes Schafer.^^ 
""When this is the case, they arc also devoid of nnclco-proteid 
and of the property of spontaneous coagulation, although they 
contain fihnnogen/* It is evident, tluirefore, that coagulation 
cannot occur without nucleo-proteid. Indeed, coagulation occurs 
whether this body be derived from the blood or from the cellular 
elements. Buchanan®® found that extracts of lymphatic glands 
and various tissues caused coagulation. "‘But it is only quite 

Hammareten: Loc. eft., p. 305. 

Hammarsten: Arch. f. d. ges. Physiol., Bd. xlx, S. 563, 1879. 

*** Schafer: Loc. cit., vol. 1, p. 165. 

“Buchanan; cUed hy Sch&ler; “T. B. ol Physiol.,’’ vol. \, p. 168, 1898. 
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recently," says Schafer, “that the active substance extracted 
by Buchanan has been examined and found to belong to the 
class of bodies known as nucleo-proteids." From this stand- 
point, therefore, fibrinogen proper (rennin) asserts itself as a 
zymogen. 

This is shown, moreover, by the chemical connection be- 
tween nucleo-proteid and fibrinogen proper. These two bodies 
are closely linked in their solutions and may be precipitated by 
the same agents. “The nucleo-proteid is precipitated from oxa- 
late plasma by allowing it to stand for twenty-four hours at 0® 
C.”, writes Schiifer. “The addition of acetic acid also throws 
it down but not in its pure form, for fibrinogen is carried along 
down with This represents undoubtedly the compound met 
with in all the reactions previously considered, for the same 
author says, “Fibrin obtained by whipping blood leaves a con- 
siderable phosyhorus-containing residue {nuclein) after subjec- 
tion to peptic digestion.” 

Bennin, as studied from various standpoints, thus asserts 
itself as a zymogen fibrinogen proper, which hecomas active when 
nucleo-proteid and fibrin-ferment (adrenoxidase) are present — 
all constituents of the blood. ITence its behavior precisely as 
if it were a bona fide enzyme such as trypsin — in the light of pre- 
vailing views. That no satisfactory function has been found 
for it in the stomach is also explained: the zymogen itself, i.e., 
the fibrinogen proper, is not a usual constituent of the gastric 
juice, althougli both nucleo-proteid and, as we will see, fibrin 
ferment are. Indeed, this becomes evident when we take into 
account the mode of preparation of “rennin,” viz., by infusion 
either of the stomach or of its mucosa, or, in other words, of tis- 
sues rich in blood and leucocytes, and therefore rich in fibrin- 
ogen, including its zymogen, fibrinogen proper. This does not 
invalidate the fact that gastric juice itself may provoke coag- 
ulation, since it contains nucleo-proteid while fibrinogen proper 
and fibrin ferment are ubiquitous constituents of blood from 
which its fiuids are derived. What it does show, however, is 
that the gastric juice does not include as a functional entity an 
autonomous ferment such as "rermin,” which has no existence 
as such. 

Direct experimental evidence to the latter effect was re* 
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cently contributed by Pawlow and Parastschuk"® which led to the 
conclusion^ previously formulated by Danilewsky, that the coag- 
ulation of milk is, from the standpoint of the experimenter, an 
accidental expression of a general reaction, and that a separate 
and individual milk-curdling ferment does not exist. They fail, 
however, to show the cause of the coagulation, attributing it 
theoretically with Danilewsky to some constituent developed dur- 
ing the digestion of proteids by pepsin and forming part of the 
latter. 

My own view that the coagulation of milk attributed to 
rennin is in reality due to the ferment which causes coagulation 
of the blood, and that 'Wennin*' is one of the constituents of this 
ferment, i.e., fibrinogen proper, a zymogen, is not only sustained, 
we have seen by considerable direct and indirect evidence, but 
the active agent it introduces is one which logically meets the 
needs of the process. 

All this has also served to show (1) that the zymogen of 
coagulation is fibrinogen proper; (2) that like all other fer- 
ments, the coagulating ferment is composed of this zymogen, 
nucleo-proteid and adrenoxidase; (3) that fibrinogen proper 
not being itself a ferment, it is activated, like the pancreatic zy- 
mogens, by the adrenal ferment in the adrenoxidase with tvhich 
it is combined; and (4) that the coagulating ferment acquires 
its properties as such from the adrenal ferment of the adrenoxi- 
dase it contains, 

TllK ACTIVK PRINCIPLE OF ADRENOXIDASE AS THE 
FERMENT OF PEPSIN. 

The presence of adrenoxidase and nuclco-protcid in the 
gastric juice and in pepsin is shown by direct and indirect evi- 
dence. 

As to adrenoxidase, Schoenbein'*^ found that the gastric 
juice gives a blue coloration with guaiac. We have seen, in the 
case of other fennents, that fermentation in which oxidases took 
part was attended by an output of COg. Bunge**® states that 
^Hhe gases which are formed by the process of fermentation 
in the stomach are carbonic acid gas, hydrogen, and marsh gas.” 

” Pawlow and Parastschuk: Zeit. f. physiol. Chemle, Bd. zlli. S. 416, 1904. 

” Schoenbeln : Loc, cit. 

Bunge: Loc, di., p. 143. 
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He also refers to a case of dilatation of the stomach studied by 
Kuhn**“ in which ‘‘one liter of gastric contents developed four 
liters of gas in four hours when kept outside of the body at the 
body temperature.” This gas was found to contain twenty per 
cent, of carbon dioxide. 

The presence of nucleo-proteid is as evident. Thus Nencki 
and Sieber®** found nucleo-proteid in the gastric juice. Moore, 
moreover, states that while in pure gastric Juice the acidity is 
due chiefly to hydrochloric acid, it is also due “in part, to acid 
phosphates and phosphoric acid.” 

Tile following lines of Ilammarsten®^ arc striking in this 
connection, when we consider that the presence of such a sub- 
stan(?e as adrenoxidase was not suspected by the author: “As 
chief organic constituent, perfectly fresh gastric juice (of dogs) 
contains a very co-mplex substance (or perhaps a mixture of sub- 
stances) which coagulates on hoiling and which separates on 
strongly cooling the juice. This substance is considered by 
certain experiineub^rs (Ncncki and Sieber, and Pawlow) as the 
conveyer of the several ferment actions of the gastric juice, i.e., 
the pepsin as w'ell as the rennin action.” By “conveyor” is 
meant “transmitter,” the characteristic property of the adren- 
oxidase acting as a catalytic in relation to ferments in general, 
its identity as such being further shown by its coagulation tem- 
perature, the boiling point. With SchoenbeiiPs observation 
that the gastric juice gave the blue coloration to guaiac, the 
evidence that the gastric juice contains what might be termed 
“gastrokinasci” as a counterpart of Paw'low’s enterokinase, may 
l)e considered as conclusive. Its purpose is evidently the same 
as the latter, since, as stated by Land()is,®“ “the glands 
themselves contain no pepsin but only a zymogen,” t.e., pep- 
sinogen. 

The composition of pepsin also coimudes with that of tryp- 
sin. As to the pepsinogen, Kdkins®® states that “though the 
chief cells will yield pepsin, yet they do not actually contain 
pepsin. If the granules then are connected with pepsin, it 
must be in some antecedent form. The probable explanation 

“Kiihn: Zcit. f. kiln. Med., Bd. xxl, S. 584. 1892. 

^ Nencki and Sieber: Zclt. f. physiol. Chomle. Bd. xxxli, S. 291. IdOl. 

Hammarsten : Lo(\ Ht., p. 298. 

Landois: Loc. rit, p. 293. 

“Edklns: Schafer's *‘T. B. of Physiol./* vol. i, p. 532, 1898. 
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of this is that the granules of the chief cells consist wholly or 
in part of pepsinogen, the precursor of pepsin.” Hainmarsten®* 
regards as ‘^proved” the statement of Schiff®® that there exists 
“a substance fonning pepsin, a pepsinogen or propepsin.” 

'.riie presence of the adrenoxidasc is evident. VVe have al- 
ready seen that Ncncki and Sicber, and Pawlow, have ascribed 
to what they consider the chief organic constituent of fresh 
gastric juice, the function of a “traiisinittcr” or catalytic, pepsin 
being mentioned as one of the bodies inlluenced. This catalytic 
body was said to be destroyed when boiled, thus indicating its 
identity as the active principle of an oxidase, i.e., adrenoxidasc. 
That the latter is intimately connected with pepsin is also shown 
by the fact that it meets the tests which indicate the presence 
of its active principle, i.e., that of the adrenal secretion. Thus, 
Glaessner'*" found in the pyloric end of the stomach what he 
termed “pseudopepsin,” which in turn yielded try])tophan (Xcu- 
meister). This substance is even now of unknown composition, 
though found in the pancreatic juice over seventy years ago by 
Tiedcmann and (jinelin.”^ When compared with the character- 
istic tests of adnmal extract the correspondence is suggestive: 
both tryi)tophan and adrenalin become rose-red on the addition 
of chlorine water; they both react in the same manner to a 
bromine solution. Both are but slightly soluble in ordinary 
alcohol. Again, Ifammarsten”^ states that pepsin “is as diffi- 
cult to isolate in a pure (condition as other enzymes.” This ac- 
counts for the fact that all the soluble ferments, including pep- 
sin, were found by Schoenbein, Hiigge, Epstein, Jacobson and 
others to decompose hydrogen peroxide, and by Sehoenbein and 
others to give the guaiac blue reaction — additional proof that 
the contaminating substance is adrenoxidase. 

As to the nucleo-proteid, Hauimarsten”” states that while 
an extra-pure pepsin, i.p., that of Pckelharing, “was free from 
phosphorus and yielded no nucleo-proteid,” thus pointing to the 
latter as a possible contaminating body, “pepsin, according to 

Hammarsten: hoc. rf/., p. 307. 

** Schlff: “Lemons sur la physiol, de la dlKestlon,” Ploronco, 1867. 

Glaossner: Ilofmcistcr’s Deitr&ge z. Chem. u. Physiol, u. Path., Dd. 1. 
1901-02. 

” Tiedcmann and Gmclln: "Rcchcrches expOr. physiol, ct chlm. sur la di- 
gestion, etc.,” 1827. 

“ Hammarsten : hoc. cH., p. 299. 

Hammarston: hoc. cit., p. 300. 
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Nencki and Sieber^ was rich in phosphorus and contained nti- 
cleo-proteid.^^ 

In the presence of all these tests — ^those pertaining to pep- 
sin confirming the data afforded by those upon the gastric juice 
— it is difficult to escape the conclusion that pepsin is built up in 
the same manner as trypsin^ pepsinogen replacing trypsinogen^ 
and that it owes its ferment to its adrenoxidase. We may con- 
clude therefore^ (1). that the gastric zymogen, pepsinogen, is 
converted into pepsin by combining with adrenoxidase and 
nucleo-proteid; (2) that pepsinogen is activated by the joint 
action of adrenoxidase and nucleo-proteid; and (3) that pepsin 
acquires its property as a ferment from the adrenal ferment of 
the adrenoxidase it contains. 

THE ADRENAL ACTIVE PRINCIPLE AS THE FERMENT OF 

FERMENTS; AND ALL HYDROLYTIC FERMENTS AS 
COMPOUND BODIES CONTAINING A ZYMOGEN, 
NUCLEO-PROTEID AND ADRENOXIDASE. 

Having ascertained the general composition of the various 
hydrolytic ferments, it becomes a question whether the con- 
clusions reached are in accord with what data the direct analy- 
ses of these ferments liave furnished. That they harmonize 
is shown in the following pages. 

B. Moore,^®® in a recent work (1906), says : 'T^ittle is known 
regarding the chemical nature of enzymes, because all attempts 
to isolate them in a state of purity have hitherto failed. In 
fact," adds the author, “there is nothing to give certainty that 
at the end of any process the product in the case of such com- 
plicated substances is pure.” Still, he also states that “in ele- 
mentary composition the enzymes do, however, resemble the 
protcids more than any other class of bodies.” As this state- 
ment applies to hydrolytic ferments in general, we may infer 
that all these ferments contain proteids — in accord with the 
direct evidence I have submitted in the present chapter. 
Again, Moore refers only to simple protcids while those we 
found in the various ferments were invariably the phosphorus- 
laden nucleo-proteid. Bccent labors have shown that the pro- 
teids bound up with ferments contain phosphorus, “Ma^ 

B. Moore: Hiirs "Recent Adyances In Phyelol. and Bio-Chem.," p. 117, 
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callum has shown microchemically," says an editorial writer/®^ 
^^that phosphorus is closely associated with the formation of 
zymogen granules in cells, which seem to be started in the nu- 
cleus, and there are many other observations suggesting that 
certain ferments are closely related to the nucleo-proteids. 
This is particularly true of the oxidases.” We may conclude, 
therefore, in view of the presence of nucleo-proteid in all the 
ferments, studied in this chapter, that the proteids present in 
the ferments in general, as implied by Moore, are nucleo-pro- 
teids. 

The presence of zymogens in hydrolytic ferments needs 
hardly to be emphasized. After referring to the fact that 
Ijanglcy discovered pepsinogen and Heidenhain trypsinogen, 
Moore says, that “since then, the existence of a pro-ferment 
[zymogen] has been shown for most of the enzymes.” This 
applies to all the ferments we have reviewed. 

The presence of the third constituent, adrenoxidase, may 
be shown by tracing to its source the characteristic property of 
ferments, catalysis. Here, again, as we have seen, Moorc^®“ 
speaks of ferment actions as being “such catalytic reactions,” thus 
cliaracterizing catalysis as a pro'perty of all ferments. To 
which of the three constituents can we attribute this property? 

That the nucleo-proteid need not be considered as a pos- 
sible factor in this connection is obvious. Neither does the 
zymogen possess fermentative activity. Thus, Moore writes: 
“These zymogens, as has been stated, are inactive while in the 
cell and exist in granular form visible under the microscope; 
they are converted into the active form, either at the time of 
secretion or later, on coming in contact with certain substances 
whicli have been termed zymo-excitators, or, in certain cases, 
kinases.” He then refers to Pawlow’s enterokinase as an ex- 
ample of these agents, and to the belief of this investigator that 
this body is a “ferment of ferments.” It is to enterokinase, 
therefore, that we are relegated for the agent which confers the 
properties of a ferment upon the zymogen. 

To the questions: what is the agent in enterokinase which 
endows trypsinogen with the properties of a ferment, and what 

101 Editorial, Jour. Amor. Med. Aseoc., Feb. 17, 1906. 

Moore: Scbftfer’s "T. B. of Phyeiol.,** vol. 1, p. ai7. 1898. 
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is tlie source of this agent, however, no answer is vouchsafed. 
These features of the problem do not seem to have, so far, en- 
gaged the attention of investigators. Indeed, though Dele- 
zeiinc, Camus and Clcy and others were led experimentally to 
agree with Pawlow as to the effects witnessed, some contend 
that they are not due to a ferment. A suggestive fact asserts 
itself in this connection, however, viz., tliat the main objections 
that have been raised are annulled when, in accord with iny 
own view, adrenoxidase is considered as one of the constituents 
of the ‘‘ferment of fermeiits.^^ Thus Delezennc and l)astre^‘^'* 
deny tliat it is a ferment, but regard it “as an ‘amboceptor,^ in 
tlic language of h]hrlicli, which serves to link together the at- 
tacked proteid and the Irypsiiiogen and so invokes the proteid 
cleavage.” Now, we have seen that adrenoxidase is Khrliclrs 
ambocejitor and that it hecomes linked with trypsinogen to 
cleave the proteid. If we asked Dclezenne and Dastre to point 
to the constituent of the “amboceptor” which brings about 
such a resvdt, their answer could only be that of Ehrlich, i.e., 
that the nature of this body is unknown. ‘“Proteid cleavage” 
whenever witnessed in the organism is due to hydrolysis pro- 
voked by a ferment; can tlufy assert that we have here an ex- 
ception to this rule? Not without introducing suppositious 
postulates — a weak Aveapon to offset the mass of evidence 1 have 
adduced in this and the preceding chapter as to the presence of 
the adrenal active principle in entcrokiiiase. Largnicr dcs Bar- 
cels, Biery and fleiiri^^* have also pointed out as evidence 
against enterokinasc being an enzyme, that it is “much more 
slowly destroyed by heat than are most enzymes,” all having 
found that it could resist boiling, and in some instances higher 
temperatures. We have seen that of all the ferments, that con- 
taining the adrenal principle is the only one which remains 
unaffected by heat up to the boiling point and that it can even 
resist the latter several hours. 

That we are dealing with a ferment is emphasized, more- 
over, by direct experimental testimony. “Bayliss and Star- 
ling,” writes Moore, “have brought forward strong evidence in 
favor of enterokinasc being a ferment. Thus, they have shown 

Dplezpnne and Dastre: cited by Moore: Hill’s “Recent Advances In 
Physiol, and nio-Chemlatry," p. 109, 1906. 

Bi^ry and Henri: Ihid. 
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that there is no stoichiometric relationship between the amount 
of trypsin ogen and the amount of enterokinase necessary to 
activate it, as little as 0.0001 cubic centimeter of an active 
enterokinase being capable of activating 5 cubic centimeters 
of pancreatic juice provided it was allowed two or three days 
to act.^^ This sustains the evidence adduced to the effect that 
enterokinase is activated by a ferment — that to which secretin 
owes its activity and the chemical properties of which arc pre- 
cisely those of the active principle of the adrenal secretion. 
The conclusion is warranted, therefore, that enterokinase con- 
tains a ferment and that it owes its property as a ferment of 
other ferments'* (Patrlow) to the active principle which its 
adrenoi'idase contains, i.e,, that of the adrenal secretion. 

Such being the ease, we arc brought, by the evidence sub- 
mitted in this and the previous chapter, to consider the adrenal 
active principle as the sole ferment of ferments. Not only 
have we seen that the character of a ferment is determined by 
its zymogen, but we found that in every instance it was the 
adrenal principle of its adrenoxidase which endowed the fer- 
ment molecule, so to say, with the (diaracderistic of a ferment. 

The ability of the adrenal principle to carry on such a pro- 
cess is, in the light oT available evidence, beyond (picstion.* 
Moore,’ we have seen, states that ferments are catalytic 
agents, adding, however: ‘‘But when we say that ferments 
act catalytically, the problem of how they act is by no means 
solved; we have merely found a name for it.^’ Now, Loew’‘*“ 
was led to conclude in the course of an extensive research that 
“th(?re does not exist a group of organs or any organ, or even 
a single vegetable or animal cell that does not contain some 
catalase,^’ — a conclusion sustained by the testimony of Ber- 
trand, Abelous and Biarncs, Phisalix, Schmiedeberg, Jaquet, 
Salkowski and other investigators, who found that the oxidases 
in all plants, invertebrates and vertebrates studied by them 
acted as eatalytics. 

A salient feature of the problem left in abeyance so far 
requires elucidation at this time, viz., the independence of the 
catalytic action from the oxidizing action of oxidases observed 

Joo Moore: Schafer’s “T. D. of Physiol.,’* vol. i, p. 317, 1898. 

Loew: Loc. dt. 
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by many investigators, and which led Jolles^®^ to conclude that 
the blood contained both oxidases and catalase. The reason for 
this becomes plain — in the light of my views — when it is borne 
in mind that while the adrenoxidase as such is the oxidizing 
body, its active principle, i.e., the adrenal active principle, is the 
catalytic. The two separate functions are thus fulfilled by the 
adrenoxidase, its active principle, embodied in the adrenal se- 
cretion, enabling the latter to take up the oxygen in the air of 
the pulmonary alveoli to transfer it via the red corpuscles and 
the blood-plasma to the tissues. It is strictly as an ‘^oxygen 
transmitter’^ (using Traube s 2»hrase) therefore, that the active 
principle of the adrenals behaves in the process, i.e., as a pure 
catalytic. 

Finally, PoehP®® wrote recently, referring to the adrenal 
principle: “This body brings about reduction processes when 
present in such very small quantities that I cannot otherwise 
than sec in adrenal (sic) a specifically positive katalysator of 
such processes. If we observe these reactions, we must con- 
clude that we have here no ordinary reagent, that is to say, not 
a chemical body which enters into a change in which it is con- 
sumed itself, but on the contrary, that adrenal is a real kata- 
lysator which undergoes no change.” Applying this concept to 
the human adrenals, the strength of my position will become 
apparent. Indeed, Jolles has not only ascertained, as previously 
stated, that the human blood is endowed with oxidizing and 
catalytic properties, but he observed that these properties bear 
a definite relation to the number of red corpuscles present, 
being raised in proportion as their number is increased. As 
I have shown that these corpusedes are storage-cells for adren- 
oxidase — the albuminous oxyhapmoglobin — the cause of this re- 
lationship is self-evident, provided, how'ever, the active prin- 
ciple of the latter — that of the adrenals — is considered as a 
catalytic. 

From all directions, therefore, the evidence available leads 
to the general conclusion that the active principle of the adrenal 
secretion is the only true ferment in the organism., and that all 
bodies now known as hydrolytic ferments owe their activity as 

^otJoUgb: Mfinch. med. Woch., Nov. 22, 1904. 

lOBpoehl: Indian Lancet, May 23, 1904. 



HYDROLYTIC FERMENTS AS COMPOUND BODIES. 883 

such to the adrenal active principle which one of their constitvr 
ents, adrenoxidase, contains. 

As corollaries to this fact, additional conclusions, based 
on the evidence recorded in the present chapter, are now in order : 

(1) That adrenoxidase fulfils two functions simultane^ 
ously: (a) that of catalytic, carried on by the active principle of 
the adrenal secretion it contains, and (h) that of oxidizing sub- 
stance, after the adrenal secretion has become oxygenized in the 
lungs, and converted into adrenoxidase. 

(2) That hydrolytic ferments are composed of three sub- 
stances: (a) a zymogen, which endows the ferment with its spe- 
cific character j (b) adrenoxidase, which confers upon the zy- 
mogen its properties as a ferment and catalytic; and (c) nucleo- 
proteid, the phosphorus of which by combining with the oxygen 

*of the adrenoxidase liberates heat energy and thus governs the 
activity of the ferment. 

Concluding Rkmauks. — Since Schwann, in 1836, demon- 
strated the presence of pepsin in the gastric juice, many 
theories have been introduced to account for the process of fer- 
mentation. “The general point of view regarding the mode of 
action of enzymes that is most frequently met with to-day,^^ 
wrote Howell in his text-book,^®® “is that advocated especially 
by Ostwald. He assumes, reviving the older view (Berzelius), 
that the ferment actions are similar to those of catalysis.” We 
liave seen, however, that, as stated by Moore, this affords only a 
name for the process. The identity of the catalytic agent, its 
origin in the body and the manner in which it influences the 
substances with which it is linked liave remained unknown. 
These three cardinal features are pointed out in the foregoing 
pages. 

Moore''*' has likewise expressed the view that “little is known 
regarding the chemical nature of enzymes, because all attempts 
to isolate them in a state of purity have hitherto failed.” The 
data submitted in these pages also indicate why laboratory 
methods have remained shwile in this connection, viz., that the 
bodies which have been regarded as ferments (or enzymes) are 


Howell: “T. B. of Physiol..” p. 658, 1905. 

Moore: Hill’s “Recent Advances In Physiol.,” Ac., p. 117, 1906. 
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in reality not ferments at all, but compounds of several sub- 
stances having marked affinity for one another, and formed ad- 
ventitiously when removed from their normal environment, the 
living body. As will be shown in the next chapter, one of these 
substances, proleidy is a passive constituent of these so-called 
ferments, while tlie three others, tlie zymogen, the nuclein and 
the adreiioxidase, are acitive, the active principle of adrenoxi- 
dase remaining, as stated above, the only true ferment. 

The Triads. — The compounds now termed “ferments” 
represent, nevertheless, aggregates of bodies which jointly take 
part in all fermentative processes, and it is necessary, in order 
to interpret satisfactorily the functions in which they take part, 
to treat them as autonomous entities. Especially is this desir- 
able in view of the fact that as such they retain the specific 
jiroperties now attributed to them as “ferments.” In succeed-, 
ing cha])ters, however, they will not be referred to as ferments, 
but as “triads,” each being composed of a zymogen, nuclein and 
adrenoxidase. To indicate the specific action of each triad, the 
familiar terms “proteolytic,” “amylolytic,” “lipolytic” and “gly- 
colytic” will be employed as qualifying adjectives, according to 
whether the food-stuff hydrolyzed is proteid, starch, fat or sugar. 
Thus the triad which acts* on protoids will be referred to as 
the “proteolytic triad ;” that acting on sugars as the “glycolytic 
triad,” etc. 



CHAPTER XV. 


THE ADRENAL ACTIVE PRINCIPLE AS THE DYNAMIC 
ELEMENT OF LIFE AND THE GRANULATIONS 
OF LEUCOCYTES AS THE LIVING 
SUBSTANCE. 

THE LEUCOCYTES AS TISSUE BUILDERS. 

Beddard, referring to the end-products of intestinal diges- 
tion in Leonard Hill^s recently published (lf) 06 ) treatise, 
writes:' “Our knowledge of the actual path taken by ditfer- 
ent substances is extremely meagre. We know that the prod- 
ucts of fat digestion pass into the epithelial cells, but we know 
nothing of the path taken by the products of protcid and carbo- 
hydrate digestion.^’ 

In the first volume^ I pointed out that the granulations 
of the leucocytes played a far more important role in phy- 
siological functions than was credited to them in text-books, 
and that in all tissues those granulations were a source of 
energy when brouglit into contact with the oxidizing substance, 
i.e,, adrenoxidase. The final conclusion submitted, after show- 
ing that the leucocytes took up the products of intestinal diges- 
tion in the alimentary canal to convert them into granulations 
which they deposited in the tissues, was that these cells sup- 
plied “the entire organism with the agencies which coml)ine 
with the oxidizing substance to insure the continuation of life 
and the efTiciency of all organic functions.^^ Additional re- 
searches have only served to strengthen this conclusion. 

A bar to progress in our knowledge of the function of 
these minute bodies is the prevailing view that “elementary 
granules [the granulations of leucocytes] are minute particles 
of proteid matter, probably arising from the disintegralion of 
white corpuscles or of the blood-platelets.^^ That leucocytes do 
not physiologically yield their contents by becoming decom- 

^ Deddard: Hill's "Recent Advances In Physiology and nio-Cheraistry," p. 
643. 1906. 

* 67. vol. I, pp. 677 to 728 in the first three editions. 
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posed or ruptured in the intestinal cavity or in the blood, has 
been repeatedly emphasized. Dastre,^ after a careful review 
of the labors of other investigators and personal experiments, 
lays stress upon “the erroneous character of the classic doc- 
trine,” having found, in accord with the views of Buchner, that 
leucocytes were not the fragile cells they were generally be- 
lieved to be. Microscopical observations showed that, as pre- 
viously observed by Ilayem, Ranvier arid Stassano, coagulation 
of blood, to which these cells are known to contribute, occurred 
without any destruction of leucocytes, a process thought neces- 
sary, according to the prevailing doctrine, for the escape of the 
cell contents. Such being the case, he was led to ascribe the 
elimination of fibrin-ferment by these cells to osmosis. Arthus* 
ascertained experimentally, how^ever, that they actively secreted 
this ferment. “In the protection of the organism against 
hagmorrhages,” says this observer, “leucocytes play a secretory, 
active, physiological, role. They are not the passive agents 
which, as has been erroneously supposed, generate fibrin-fer- 
ment by cadaveric destruction.” Indeed, I suggested in the 
first volume* that the networks in these cells are canaliculi 
which traverse them in all directions, and that their digestive 
vacuole, their nucleus, and their canalicular system (the 
mitoma), point to them as highly-organized, though diminutive, 
secreting organs. “The various ferments they contain,” says 
Carles, in a recent work,® “make of each cell a minute lab- 
oratory.” 

Considerable evidence to the effect that leucocytes are 
secretory organs is afforded by the researches upon the identity 
and functions of the leucocytic granules, which Hankin, four- 
teen years ago, was first to regard as secretory products. As 
we have scen,^ Kanthack, Hardy and Keng have taken much the 
same view. No less an authority on the subject than Ehrlich 
also considers granulations in the light of a secretion, and 
holds that certain basophilc granules constitute a preliminary 
step {Vorstufe) in the elaboration of typical eosinophile granu- 

• Uastro: C.-r. de la Soc. de niol., vol. Iv, Nov. 14. 1903 

^Arthus: fhid. 

^Cf. vol. 1, pp. 677 to 728. 

^ 04 ® Carles; “Du rOle doa leucocytes dans rabsorptlon ot r#l iral nation, “ Parlfl, 

" Cf. vol. I, p. 679 et Mcq., In the first throe edltfous. 
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lations. That they are developed with relative suddenness 
from non-granular mononuclears, and that they are constantly 
being developed, also suggests, according to Levaditi,® that they 
are secretory products. Stokes and Wegefarth® observed, in 
blood taken from some 600 patients, that at 35° C. the 
leucocytes became actively amoeboid, their rapid motions re- 
sembling the swarming of bees around a bee-hive, and that 
after this the number of free granules in the plasma was in- 
creased. Sangree’® saw eosinophilc granulations leave the cell 
and wander away oscillating very actively. Bail” also saw 
granulations l(^ave the periphery of the cell. Gulland” noted 
that leucocytes show a marked tendency to leave their granules 
behind them. Finally, Leo Loeb^® observed that if a cell was 
drawn out with a needle, in order to produce the elimination 
of a widely diffused mass of granules, many granules eould be 
“seen to move very actively.” 

What is the origin of these granulations? Are we dealing 
with a sui generis product of the leucocytic protoplasm, or with 
the end-products of materials ingested by the cell? If, as 
shown above, we have abundant proof that leucocytes secrete 
their granules, we have in phagocytosis as evident a demon- 
stration that they ingest assimilable materials; and if to this 
we add the known facts that they contain proteolytic ferments, 
and that they are able to digest what they ingest, we cannot 
but conclude that their granulations are elaborated out of the 
materials they appropriate while carrying on I heir function as 
scavengers. 

This, in turn, suggests another question : May the food- 
materials of the alimentary canal not serve as their main 
source of supply for this purpose? Not only do the leucocytes 
ingest food-stuffs in the intestinal canal, as shown below, but 
also the “ferments,” i.^., the various hydrolytic triads which 
carry on the digestive process in the intestine, to continue this 
process in their digestive vacuole and elaborate granulations 
as end-products. 

•LevadUl: “Le leucocyte et bcb fi^ranulatiouB," PariB, 1902. 

* StokeB and Wegefarth; Bull. Johns Hopkins HoBp.» Dec., 1897. 

loSangree: Phlla. Med. Jour., Mar. 12, 1898. 

“Ball: Berl. kiln. Woch., Oct. 11, S. 887, 1897. 

'‘Oulland: Jour, of Physiol., yol. xlx, p. 386, 1896. 

^ Leo Loeb: Unlv. of Penna. Med. Bull., Apr., 1905. 
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According to i)rcs(‘iit teachings, the products of intestinal 
digestion pass into the general circulation in liquid form. 
]\loore,^'* for instance, says: ‘‘The new materials formed by 
the action of tlie intestinal epithelial cells on the absorbed prod- 
ucts of digestion pa>'s out of these cells into the lymphoid 
tissue of the villus underlying' them. The modified carbo- 
hydrates and proteids j)ass in solution into the lymph which 
batlies the tissue, and in soluble fonit are absorbed by the capil- 
lary vessels of the villus, thus i^assing directly into the portal 
circulation, while the fats leave the epithelial cells as fat 
globules, and are carried as such past the capillary network of 
the villus, to enter the lacteal situated in the axis of the villus.” 
Yet, as stated by other physiologists, Brubaker, for example, 
“the mechanism by which the | ej)ithelial | (‘ells effect this pas- 
sage of the food is but imperfectly understood.” Indeed, in 
a recent monograph B. Mendel/*' reviewing the advances in 
our knowledge of the chemical prcKKJSsc's of digt'stion, remarked 
that “b(woiul the intestinal wall, in the blood and lymph 
stream, the cleavage [)roducts seem, for the most part, to be 
missing/" This fact, in itself, affords strong evidence in favor 
of my view tliat proteids are supplied to the tissue's in the 
form of leucocytic granuh's, since this ('onception involves the 
ingestion by intestinal leucocytes of tlie cleavage-products from 
the alimentary C'anal. 

It is but normal, under these conditions, that these products 
should be absent from the blood and lymph streams. Indeed, 
IlowelP" states that: “The form in which proteid is absorbed 
remains .... a mystery,” 

Twenty-five years ago Hofincister’^ compared the leucocyte 
to the red blood-corpuscle, the white (.*ell carrying peptones from 
the int(}stinal wall to the tissues, while the red cell carried 
oxygen to the latter. lAiboring, however, under the impres- 
sion that peptones reacluMl the tissues as such and in ftidd 
form, being liberated by the leucocytes in some unexplained 
way, he was unable to defend his theory successfully, and it is 

Moore: Schafer’s “T. B. of Physoll.,” vol. I, p. 432, 1898. 

Brubaker: “Human Physiology,” eleventh edition, p. 116, 1902. 

L. Mendel: Med. News, May 20, 1905. 

*7 Howell: “T. B. of Physiol.," p. 716, 1905. 

Hofmolstcr: Zelt. f. physiol. Chem., Bd. iv, S. 253, 268, 1880; Bd. v, S. 
127, 1881; Bd. vl, S. 69, 1882. 
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now but rarely referred to. A view similar to Hofraeister^s 
was recently (1905) advanced by Pavy.^® 

Ilofmeister’s view was opposed mainly by Neumeister^® 
and Heidcnhain,^^ but on very weak grounds. Moore, for in- 
stance, reviewing the evidence against Hofmeister’s conten- 
tion, says: “In the first place proteid is not absorbed to any 
appreciable extent by the lymphatics.^^ But this only shows 
that it is not tlieir function to do so; granular leucocytes, which 
are Jenown to contain peptones, being present in the intestine, 
thus become the normal absorbents. The second reason ad- 
du(!cd is that “allnimoscs are not changed, as Hofmeister him- 
self has shown, in the blood, which contains plenty of leuco- 
cytes.^^ This only proves that it is the function of the leuco- 
cytes to absorb albunioses in the intestinal canal but nowhere 
else, and that it is within these cells that the albumoscs arc 
changed. Tlie third reason is that “lleidenhain has shown 
that the amount of leucocytes in the wall of the intestine (and 
the amount of active mitosis in these) is too small to render 
them adequate for the purposc.^^ This is an invalid conclusion 
unless Hcidenhain can give the actual number required during 
the digestive process, and one in fact contradicted by more 
recent ol)servations, as we shall see. The fourth reason is that 
Shore*'* has shown that “after slow injection of a small amount 
of peptone (.049 gramme) into a lymphatic of the hind-limb 
in a dog, this can he detected again in the course of twenty 
minutes in the chyle flowing from a fistula of the thoracic duct, 
showing that it has traversed the lymphatic system unchanged.’^ 
Tliis merely affords proof that tlie lymph — and, 1 may add, the 
blood — are not media in which the digestive leucocytes ingest 
peptones, and that tlie only organs in which they do so phy- 
siologically are those of tlie alimentary canal, viz., the stomach 
and Intestinal canal. 

Hofmeister based his conception that these cells cfirricd 
peptones from the intestine to the tissues upon (1) the pres- 
ence of an enormous number and active proliferation of leuco- 
cyte's in the intestinal wall during proteid absorption ; (S3) tho 

ippavy: Transvaal Med. Jour., Oct. 1, 1905. 

"Neumcister: Zeit. f. Biol., Bd. vl, S. 277, 1888. 

Heidenhaln: Arch. f. d. ges. Physiol., Bd. xllll, Suppl., S. 69, 1888. 

*2 Moore: Lor. rtL, vol. 1, p. 441. 

22 Shore: Jour, of Physiol., vol. xl, p. 553, 1890. 
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increase of leucocytes in the blood-stream, which follows a 
proteid meal ; and (3) the marked decrease of leucocytes in the 
intestinal canal during fasting. On the other hand, he found 
no peptone in the blood-plasma, and it is now a recognized fact 
that neither peptones nor albumoses appear as such in the 
blood. Indeed, when injected into the latter, it is not assimi- 
lated and is excreted in the urine (Bunge). Hofmeister also 
found peptones in blood-clots where leucocytes had accumu- 
lated, and a large amount of peptones in the spleen where 
these cells were correspondingly numerous. Moreover, Pohl**** 
observed an increase of leucocytes in the intestine during diges- 
tion when the meal was rich in protcids, but not during the 
digestion of carbohydrates, fats, salts and water. He found 
that this increase during the digestion of protcids was due to 
cells which migrated from the intestinal wall. He Jilso noted 
a very large increase of leucocytes in the intestinal veins dur- 
ing the digestion of a meal rich in proteids, over and above 
the normal number of cells in the corresponding arteries. 

Furthermore, the cells arc traceable h(»yond the in- 
testinal walls. Goodall; Gulland and Noel Paton*® found ex- 
perimentally that there occurs ^^during digestion a slight pre- 
liminary fall in the total number of leucocytes in the blood- 
stream” (which points to a possible concentration of the ap- 
propriate leucocytes towards the intestinal structures) ; that 
fairly regular rise in the total number of leucocytes then fol- 
lows and the maximum in about four hours after food”; that 
the increase ^h's due (a) to a lymphocytosis which is very con- 
stant as regards its incidence and degree, (6) in the majority 
of cases to a polymorphonuclear Icucocytosis.” Cabot®® also 
states that the increase of leucocytes during digestion is a 
polymorphonuclear leucocytosis. As polymor];)honuclearB arc 
all granulation-forming cells, it is evident that such cells 
migrate to the intestine. In the first volume, I attributed to 
neutrophile leucocytes the r61e of taking up food-products from 
the intestine and showed that as lymphocytes they could 
originate from the lymphatic glands of the intestine. This is 


» Pharm., Bd. xxv, S. 31, 1888. 

Goodall, QuIIand and NoSl Paton: Jour, of Physiol., vol. xxx, p. 1, 1903. 
“Cabot: “Clinical Examinations of the Blood,*’ 1901. 
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sustained by Gulland’s®^ researches, which have shown that 
^‘lymphocytes are the precursors of all forms,” and Escherich 
and Schurg^s** conclusion that lymphocytes are polynuclear 
leucocytes with neutrophile granulations. Ncutrophiles, as is 
well known, are by far the most numerous of the leucocytes 
found in the blood. 

Do leucocytes ingest materials in the intestinal canal? 

The investigations of Macallum*® were briefly reviewed in 
the first volume. This observer having administered albu- 
minate of iron to animals, .found that this metal was “de- 
posited in leucocytes.” These iron-laden cells were found ^^be- 
tween the epithelial cells of the tips of the villi,” and even 
more loaded ones were observed to “fonn a cap, as it were, for 
the extreme end of the lacteal vessel.” lie remarks in this 
connection that “the iron of these cells originates from the 
food in great part, for if the animal be kept without food for 
a week, the tips of the villi give but a feeble reaction.” Ani- 
mals that had fasted about four days were fed with commercial 
peptonate of iron, 100 to 200 grains being given daily for three 
days. The intestinal mucosa down to the distal end of the 
small intestine became black when placed in an ammonium 
sulphide solution, thus showing that the iron had been taken 
up throughout the entire length of the small intestine. The 
leucocytes were again found on the tips of the villi, but “others 
were massed below and in great numbers, and a large number 
had wandered between the epithelial cells in such a way as, in 
many of the villi, to displace and distort the cells.” In an 
illustration he shows three cells, “in two of which the inner 
ends appear loaded with iron;” these were fixed “m the act of 
transferring^^ this metal “to the underlying tissue.” This evi- 
dently applies to food-stuffs as well, for Asher and Erdely®® 
found that while protcids, fats or carbohydrates were being 
fed to rats, the number of leucocytes in the villi was increased. 

Macallum^s observations were confirmed experimentally 
by Cloetta.®' They not only support those of Hofineister and 


” Gulland: Jour, of Pbyslol., vol. xlx, p. 385. 1896*96. 

^Escherich and Seburg: cited by Binborn: Post-Graduate. July* 1906. 
"Macalluin: Jour of Pbysiol., vol. xvl, p. 268, 1894. 

"Asber and Erdely: Centralbl. f. Pbysiol., Bd. xvl, S. 705. 1903. 

" Cloetta: Arch. f. exp. Path. u. Pharm., Bd. xl, S. 29. 1897. 
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Pohl, but are themselves indirectly sustained by Metchnikoff/* 
who found that however introduced into the body — by way of 
the skin, the peritoneum, the blood, etc. — soluble preparations 
of iron were taken up by leucocytes. Kobert"’* also observed 
that a soluble saccharate of iron was at once absorbed by these 
cells. 

Macallum noted, moreover, that “in all the preparations, 
the epithelial cells themselves were comparatively free from 
the if on compound,” and that in sections of the sm^ll intestine 
of lake lizards, fed on iron albuminate, the leucocytes were 
“loaded with an excess of iron, so much so that the ammonium 
sulphide gave them the appearance of huge collections of 
greenish-black granules.” That the epithelial cells only play 
a secondary role in the process of absorption is also shown by 
the fact that Hoehhaus and Quincke®* found in a scries of 
micro-chemical experiments that the iron albuminate was pre- 
cipitated in the form of granules among the epithelial cells of 
the duodenum, and that leucocytes then passed these granules 
to the center of the villi. In Macallum’s illustration the 
actual transfer is clearly depicted. Macallum then found the 
iron-laden Icueoeytcs beyond the villi, i.e., in their venules, 
in the capillaries of the liver, the spleen, etc., a fact which 
shows that these cells arc capable of taking up a substance in 
the intestine and of transferring it to the tissues. 

This process is also exemplified by the absorption of fats. 
Thus, in tlie first volume (1903), I stated that “while leucocytes 
which ingest proteids from the intestinal food-stuffs pass 
between the e])ithelial cells and enter the venules, the leuco- 
cytes which ingest fats only carry the latter from the inner 
limits of the epithelial cells to the interior of the lacteal, and 
deposit them therein,” and that other leucocytes took them up 
and carried them to the tissues. Schafer (1885) had previously 
regarded leucocytes as the agents in fat absorption, while 
licuter (1902) found, as stated by Ferguson,®** fat droplets 
“in the tissue spaces as well as in the him.pliatic corpuscles of 
the diffuse lymphoid tissue.” As the latter author remarks, 

** Mctchnlkoff; Annalos de I’lnst. Pasteur, vol. vlll, p. 706, 1894. 

^ Robert: Arb. d. pharmakol. Inst. z. Dorpat, S. 123, 1893 u. 1894. 

^ Hoehhaus and Quincke: Arch. f. exp. Path. u. Pharm., Bd. xxxvll, S. 
169, 1896. 

Ferguson: “Normal Histology and Microscopical Anat." p. 298, 1905. 
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this fact ^Vould seem to indicate that other agencies aid in 
the transit of the fat from the epithelium to the lacteal than 
are accounted for by the purely mechanical theory of Schiifer.^" 
In truth,* Schafer’s view differs from mine only in that he 
observed the first part of the process, i.e., that “leucocytes by 
their amoeboid activity, include the emulsified droplets in the 
intestinal lu ncn and convey them into the substance of the 
villi while mine is supplemented by the second phase of the 
process, that previously witnessed by Keutcr, the “lymphatic 
corpuscles” being the leucocytes which 1 had traced to the 
thoracic duct and thence to the tissues. 

In a re(;cntly-published text-book of physiology (1905), 
Noel Paton writes: “During the digestion of protcids the 
number of leucocytes is enormously increased, sometimes to 
more than double their previous number, and in all probability 
it is they tvhich carry the products of digestion from the intestine/^ 
This physiologist also says, however: “By breaking down in 
the blood-stream th(»y probably set free the protcids for use in 
the tissues.” We have just seen that the leucocytes need not 
break down, while, as I pointed out two years before Paton’s 
work was published, they convert the products of proteid 
digestion into granulations and carry the latter to the tissue 
cells. I wrote at the time that leucocytes thus “supply the 
entii^ organism with the Jigcncics whi(;h combine with the 
oxidizing substance [now adrenoxidasc] to insure the continua- 
tion of life and the efficiency of all organic functions.” 

If now we gauge the importance of these facts by the multi- 
plicity of the substances which leucocytes are able to ingest 
and digest, their ability to take up peptones as well as iron in 
the intestine asserts itself. J. Carles^® (1901) refers to the 
role of these cells in the body as “immense.” “Nothing escapes 
these scavengers of the economy,” says this author, “muscular 
fibers, red corpuscles, weakened leucocytes are themselves de- 
voured and destroyed.” He also writes: “Lcucocyt(‘s, in fact, 
thanks to the ferments they contain, are also endowed with a 
most active transforming activity. A given toxic substance 
modified by them becomes capable of acting as their own food 
and likewise as food for the entire organism/^ Ehrlich considers 

“ Carles: Loc. dl., pp. 7 and 9. 1904. 
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the granulations of his mastzelkn as nutritive reserves which 
these^ and perhaps other leucocytes, transfer to the connective 
tissue spaces, where, according to his view, they are supposed 
to accumulate. 

Evidently Hofmeister is no longer alone to speak of the 
leucocytes as the nutrient cells of the organism. But here it 
is necessary to recall the misleading feature of his conception: 
the belief that the leucocytes supplied liquid peptones to the 
tissues. I was first to point out, in the first volume of this 
work,®“ which appean^d in January, 1903, that peptones en- 
gulfed by leucocytes in the intestine were converted into prod- 
ucts suitable for assimilation by the tissue cells, this conclu- 
sion being based on the foundation upon which Carles also 
poises his statement, viz., the wonderful ‘^transforming ac- 
tivity” of which leucocytes are capable in the course of their 
function as phagocytes. I then submitted’^ the conclusion 
that “the granules in leucocytes are the products of an intra- 
cellular metabolic process and represent a true secretion.” 

As I have previously stated, the intestinal digestive process 
is continued in the leucocytes. The end-product of the intra- 
cellular digestion is then built up, and gradually transferred to 
the periphery of the cell, as explained in the first volume. 
That the intracellular digestive process is similar to that in 
the intestine is emphasized by the fact that, as shown below, 
leucocytes contain the constituents of the pancreatic juice, i.e., 
the various zymogens and the two components of enterokinase, 
including adrenoxidase. 

The presence of adrenoxidase is demonstrable in various 
ways. In the first volume®” I stated — Ehrlich having found 
that the essential conditions to methylenc-blue staining were 
“oxygen saturation and alkalinity” (Barker) — that the fact that 
leucocytes took this stain showed they contained the oxidizing 
substance and blood salts. I sustained this conclusion by 
showing that other stains endowed with reducing properties 
were taken up by leucocytes. That these cells contain the 
oxidizing substance is conclusively shown, moreover, by the 

^ Cf. vol. 1, p. 668 ei seti., in the first three editions. 

” Cf. vol. 1, p. 682, in the first three editions. 

^ Cf. vol. 1, p. 540, In the first three editions. 
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fact that Portier®® found that leucocytes contained ^^oxidase^' 
as shown by the guaiac test, an observation confirmed by 
Brandenburg.*® M. Labbe*^ states that “the coagulating fer- 
ment of the blood, fibrin-fennent, is secreted by leucocytes,^^ 
and he refers to Hewson,*® Briicke*® and Glenard,** as having 
demonstrated this fact experimentally. We have seen that 
fibrin-ferment as shown by Artlius gives the guaiac-blue test. 
Labbe also states that the researches of Portier, Salkowski, 
Abelous and Biarnes and Brandenburg have shown the ex- 
istence of oxidizing ferment, oxidase, in the white corpuscles. 

The presence of nucleo-proieid in leucocytes, whether as 
sucli, or in the form of its antecedents — the phosphorus-laden 
side-chain which, by combining with a protcid nucleus, fonns 
this body (Kossel) — is also evident. Thus, as stated by 
Schtifer,*® “in plasma obtained by subsidence of the corpuscles, 
there is most nucleo-proteid in the lower layers which Contain 
most leucocytes; and least in the upper which contain very 
few.^' Again, we have seen that nucleo-proteid, as shown by 
Stassano and Billou,*® was present in enterokinase. So closely 
is this reproduced in leucocytes that Delezenne,*^ after a series 
of experiments, concluded that the “cytase^^ of leucocytes and 
enterokinase were identical. 

The presence of trypsin and other ferments in leucocytes 
is now recognized as a fundamental feature of phagocytosis. 
Mctchnikoff^s “cytase” is regarded by him and by Bordet and 
others, as a trypsin; Kanthack and Hardy also attribute the 
proteolytic activity of leucocytes to soluble ferments. The 
more recent writers refer increasingly to the presence in leuco- 
cytes of such a ferment. Thus, Bulloch states*® that “thou- 
sands of facts point to the conclusion that our leucocyte-form- 
ing tissues are our great defensive, organs against parasitic in- 
vasions,^^ and Beattie,*® referring to leucocytes, says, “the cells 
act as phagocytes. They cnglobe, and by a special secretion or 

"Portier: Thdse de Parle, 1897. 

"Brandenburg: Mtinch. med. Woch., Feb. 6, 3. 183, 1900. 

Labbd: “Le Sang." p. 42, 1902. 

"Hewson: Sydenham Edition, London, 1846. 

"Brflcke: Arch. f. path. Anat., Bd. xll. S. 81, 172, 18B7. 

"GlOnard: Bull, de la Soc. Chim., T. xxlv., 1875. 

" Schkfer: Loo. cit., vol. 1, p. 165. 

" Staseano and Blllou : Loo. cit. 

” Delezenne: C. r. de la Soc. de blol., pp. 283, 591, 893, 1902. 

"Bulloch: Brit. Med. Jour., Sept. 10, 1904. 

"Beattie: /Md., p. 686. 
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ferment digest other cells or bacteria/’ etc. That trypsin is 
the bactericidal agent of the intestinal tract has been shown 
by Charrin and Levaditi, Zaremba and others, as stated in the 
first volume. Again, while Weil and Clcrc'^® write that ‘^leuco- 
cytes do more than englobc bacteria; they submit them to a 
true process of digestion/’ M. Labbe'^^ says, after referring to 
the oxidase, fibrin-ferment, etc., found in these cells: “They 
contain, moreover, a jihrinolyiic ferment (Leber, Achalme), a 
casein ferment, a ferment analogous to trypsin, a glycolytic fer- 
ment (Arthiis), an amylolytic ferment (Rossbach, Zabolotny, 
Tarchetti), a lipasic ferment, which as shown by Poulain plays 
an important rfile in the assimilation of fats” — briefly all the 
hydrolytic ferments of the 2 )ancreatie juice, and, therefore, tho 
various triads enumerated at the end of the preceding chapter. 

The analysis of the question being continued under the 
next heading, the following are submitted as preliminary con- 
clusions: (1) that the products of gastro-intestinal digestion, 
Lc., the peptones, are not, as now taught, absorbed as such by the 
intestinal niucous membrane; (2) that they do not, as now be- 
lieved, enter the fluid portion of the blood and lymph; (3) that 
they are talcen up from the intestinal canal by leucocytes — the 
digestive leucocytes — which then enter the circulation; and (4) 
that after terminating the digestion of peptones ingested by 
them, the leucocytes convert the end-products into granulations, 
i.e., into a compound suitable for assimilation by the cells of the 
body at large. 

THE GRANULATIONS OF LEUCOCYTES AS THE GRANULES 
(MICROSOMES) OF TISSUE-CELLS. 

The lymphatic system, as is well known, is tho inter- 
mediary through which the tissues receive their nutrient sub- 
stances. “In order to nourish the tissues of the body/’ writes 
Isaac Ott/^ “the plasma of the blood is constantly being 
osmosed through the capillary walls into spaces. between the 
cells of the tissues. Each cell is thus bathed in a plentiful 
supply of plasma, from which it absorbs what is needed for its 
nourishment. This escaped blood-plasma, together with some 

“Weil and Clerc: “La leucocytoso en cllnlque,” p. 1B7, 1904. 

“ Labb6: hoc. cit., p. 43. 

“Isaac Ott: *‘T. B. of Physiol.,*' p. 115. 1904. 



LEUCOCYTE OHANULATIONS AS GRANULES OF TISSUE CELLS. 897 


white cells which have found Ihcir way into the spaces, con- 
stitute the lymph.” Starling*"*® also concludes that the only 
way by which the tissues can obtain their supply of proteid is 
by this process. 

In the light of the evidence submitted in the first volume 
and in the foregoing section, the granulations of tlie leucocytes 
— the white cells referred to by Ott — are distributed to the 
tissue-cells. This necessitates their migration through the 
walls of the blood-capillaries into the lymph-spaces. As is well 
known, Cohnheim showed that Icucoiiytes did so iji the course 
of inflammatory processes — an established fact. Now, while 
Starling states that ^The tissue spaces, which are filled with 
lymph, are always found in a.ssociation with connective tissue,” 
Gulland""* witnessed, and illustrates in his paper, a leucocyte 
^^fixed in the act of passing through a narrow hole between two 
bundles of connective tissue and dragging behind it a large 
number of granulations in a network of fibers.” The cell was 
evidently entering the lymphatics to become one of the many 
found therein, which include, as stated by TClcin/''^ “granular 
oxyphile, basophile and amphophile cells,” — the amphoi)hiles be- 
ing the neutrophiles which I regard as nutritiv(i leucocytes. 
The fact that leucocytes can secrete granules in lymph is shown 
by the behavior of these cells in the alimentary canal. Thus, 
while Hardy and Wesbrook,*"’® we have seen, observed that leu- 
cocytes “within the epithelium or the lumen of the gut” showed 
a marked diminution or complete disappearance of their granu- 
lations, TToppe-Seyler®^ found that the intestinal fluid, apart 
fiom its ferments, “was identical with that of the blood-plasma, 
and of lymph.” 

Again, there is a distinct relationship between the diges- 
tive leucocytosis and the lymph wave accompanying the diges- 
tive process. The correspondence between the fluctuations of 
activity of the digestive process and the amplitude of the lymph 
wave was recently emphasized by the researches of G. Oliver,®® 
which showed among other facts: ^^that as the digestive wave 

“ Starllnt?: Schdfer’s “T. B. of Physiol. vol. 1, p. .^11, 1898. 

Giilland: .lour, of Physiol., vol. xlx. p. 38S, 1896. 

““Klein: ‘'Rlcmonta of Histology.” 1898. 

“Hardy and Wesbrook: Jour, of Physiol., vol. xvili, p. 490, 1895. 

Hoppe.Seylor: Physiol. Choniie. S. 27. Berlin, 1881. 

“ G. Oliver: Lancet, Oct. 3, 1903. 

2-7 



898 ADRENAL PRINCIPLE AS DYNAMIC VITAL ELEMENT. 

develops the blood becomes more concentrated; that the in- 
gestion of food produces a rapid flow of lymph into the tissue 
spaces; that there is complete agreement between the blood- 
pressure and the exudation of lymph/^ and finally that ^^the 
to-and-fro transfers of fluid from the capillary to the tissue 
spaces constitute a circulation vrhich appears to suffice for all 
the requirements of metabolism while the body is in a state 
of rest.” That this coincides with a corresponding increase of 
leucocytes and their products is shown by the familiar digestive 
leucocytosis which is especially marked after the ingestion of 
proteids. Thus, as Hammarsten*^" states, the number of leuco- 
cytes may be increased “after a meal rich in proteAd*^ 

That the granulations of leucocytes are present in all 
tissue-cells and that they constitute therein and in cells in 
general what has been termed their “granules” or “micro- 
somes,” is sustained by considerable direct and indirect evi- 
dence. 

It is now generally recognized that, notwithstanding the 
complex functions which it fulfills in the body, a protoplasmic 
cell is but a counterpart of a multitude of similar forms, both 
vegetal and animal, that lead an independent existence as 
isolated individuals, viz., unicellular organisms. The amoeba 
is an example of this type, the prototype of our mobile, flowing, 
leucocytes, as well as of our stationary cells — the muscle-cell, 
the hepatic cell, the nerve-cell, etc. 

“It has long been known,” says Verworn,®® “that roundish 
granules of different sizes are of wide occurrence within cells, 
lying in an apparently homogeneous ground substance; they 
have been termed elementary granules, granula or microsomes.” 
“In many cases only a few such granules are pre- 
sent in the cell; in other cases, the whole cell is thickly filled 
with them, so that the ground substance between them almost 
disappears.” We arc evidently dealing with an important fea- 
ture of vital functions. E. B. Wilson,®' for example, places 
the cell-theory ^Tbeside the evolution theory as one of the 
foundation stones of modem biology,” and characterizes the 

^ Hammaraten: *'T. B. of Physiol. Chemistry." fourth edition, p. 208,' 1904. 

«®Verworn; “General Physiology," p. 63, 1899. 

B. B. Wilson: “The Cell In Development and Inheritance," New York, 
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granule or microsozne as ^^the most fundamental question of 
cell-morphology/^ 

Its importance is further shown by the fact that Herbert 
Spencer attributed to these granules the phenomena of regen- 
eration^ development and heredity; that Darwin accorded them 
an equally prominent r61e in his theory of pangenesis, and that 
they were likewise regarded as living elements by many other * 
distinguished investigators, including Haeckel, de Vries, Hert- 
wig and Whitman. Indeed, they were the Wophores of Weis- 
mann, the fttoplasts of Beale, the ftiogens of Verworn; they 
were also the renowned inicrozymas of Bechamp and Estor 
which long held sway against Pasteur, and which even now 
constitute the strongest weapon of the defenders of the theory 
of spontaneous generation. 

The grouping of so many conceptions normally suggests a 
kinship between them all. Even apparently opposed views as- 
sume this relationship, if, in accord with my own view, the leu- 
cocytic granulations arc considered as nutrient particles which 
constitute the essential living elements of the cell. This is 
well shown by the following lines of Herbert Spencer’s, quoted 
from the last edition (1898) of his Principles of Biology: 
“What these granules or microsomes arc — whether, as some 
have contended, they are the essential living elements of the 
protoplasm, or whether, as is otherwise held, they are nutritive 
particles, is at present undecided.” 

Even the limited evidence and conclusions I have sub- 
mitted so far suffice to point strongly to the leucocyte granula- 
tions as the “nutritive particles” referred to. We will now see 
that these granulations and the cellular “granules” correspond 
in every way. 

The nucleus of all cells is composed mainly of two sub- 
stances, the chromatin, thus termed because it is deeply stained 
by appropriate dyes, and the nuclear sap, which takes a lighter 
tint. “The chemical composition of chromatin is highly com- 
plex,” says Spencer,®* “and its complexity, apart from other 
traits, implies relative instability. This is further implied by 
the special natures of its components. Various analyses have 
shown that it consists of an organic acid (which has been called 

Spencer: ''Principles of Biology,” vol. I, p. 259, New York, 1898. 
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nucleic acid) rich in phosphorus* combined with an albuminous 
substance: probably a combination of various protcids. And 
the evidence, as summarized by Wilson, seems to show that 
where the proportion of phosphorized acid is high the activity 
of the substance is great ; .while, conversely, where the quantity 
of phosphorus is relatively small, the substance approximates 
^n character to the cytoplasm. Now, (like sulphur, present in 
the albuminoid base) phosphorus is an clement which, besides 
having several allotropic forms, has a great affinity for oxygen; 
and an organic compound into wliich it enters, beyond the in- 
stability otherwise caused, has a special instability caused by 
its presence. I'hc tendency to undergo change will therefore 
be great when the proportion of the phosphorized component 
is great. Hence the statement that ^tbe chemical differences 
between chromatin and cytoplasm, striking and constant as 
they are, are differences of degree only;’ and the conclusion 
that the activity of the chromatin is specially associated with the 
protoplasm'* 

This recalls strikingly the role I have ascribed to nucleo- 
protcid, owing to the large proportion of phosphorus its nuclein 
contains, and the intense affinity of this clement for oxygen. 
Indeed, it is clear from the above that both nuclein and proteid 
are present in the cell, in the identical form in which we found 
these bodies elsewhere, i,e., as granulations. Now, the granula- 
tions of neutrophilc leucocytes, wbi(*h I regard as the nutritive 
cells, arc nucleo-protcid bodies. This was first suggested by 
Sherrington, then demonstrated by Milroy and Malcolm,”” 
whose methods are given in detail in the first volume.”* Again, 
►Stewart,”” alluding to the origin of nuclco-prot(*id, writes: ‘Tn 
shed blood, the only possible sources of nuclco-proteid, so far as 
we know, are the corpuscles and the blood -pi at os.” After dis- 
missing the red corpuscles, he adds: ‘^We have left over the 
leucocytes and the platelets. The latter are said, and the 
former are Imown to yield nucleo-proteid when they arc broken 
up in the laboratory.” 

That leucocytes are capable also of carr}'ing their product 


• All italic‘8 arc my own.— S. 

®-'*Mllroy uiid Malcolm: .lour, of Physiol., vol. xxlll, No. 3, p. 217, 1898. 

Vf. vol. 1, p. 693, in the first three editions. 

“Stewart: “Manual of Physiology,” fourth edition, p. 41, 1900. 
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to all parts of the organism is an obvious corollary of their 
well-known migratory habits, and of the remarkable ease with 
which they alter their shape in order to pass through minute 
openings. We have seen that they do so dragging their nucleo- 
protcid granulations behind them, and that they secrete them. 
M. Labbe,”** in common with others, writes: ‘‘In respect to 
foods, the leucocyte “serves, to a degree as yet impossible for 
us to estimate, for their absorption and transformation, and 
for their distribution to the cellular elements in need of them.'^ 
But what do they yield to these elements? This question has 
remained unanswered. As shown above, the only products to 
which evidence points arc their nuclco-proteid granulations. 

Another question imposes itself in this connection, how- 
ever: What is the identity of the plasmatic proteids which, ac- 
cording to the prevailing doctrine, arc thought to reach the 
tissue-cells and to be absorbed by them? The answer is em- 
bodied in evidence already submitted, viz., that there are two 
himh of micleo-jrroleuts, on(i for the tisstie-rellsy that alluded to 
above, and one for the blood itself (the fibrinogen to which I 
liave repeatedly referred in the first volume), both sc’cretcd by 
leucocytes. Over thirty years ago Voit®^ showed that the 
])roteid which formed part of the tissue-cells, and which he 
termed “fr/v/aR-protcid,^^ could not be similar to that present in 
the blood-stream. The blood protcid he therefore termed the 
^^circulating proteid.” Liebig, Hoppe-Scylcr and Pfliigcu*, in 
opposition to the additional (and purely theoretical) belief of 
Voit’s that “organ-proteid” had to be dissolved in the plasma 
and become “circulating^^ before it could be used in cellular 
metabolism, showed that “circulating proteid” never underwent 
metabolic changes, and that this role was limited to the “organ- 
proteid.” This not only proves that the plasmatic proteids arc 
not concemed with tissue inctabolism, but it likewise confirms 
Voit^s view as to the presence of two kinds of proteid, t.e., one 
for the blood-stream and one for the tissues — ^though both, as 
interpreted from my standpoint, are products of leucocytes. 

Still, the nucleo-proteid destined for the tissue metabolism 
would be consmned in the oxygen-laden plasma were it not pr0‘- 

••LabbC: Loc. c##., p. 39. 

«Volt: Zelt f. Biol., Bd. x. S. 202, 1874. 
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tccted during its transit from the intestine to the tissues. The 
leucocytes satisfy precisely this need, by keeping their granula- 
tions within their cytoplasm, until in contact with the tissues, 
where they secrete them. In the first volume, I pointed out 
that the leucocytes which secreted “fibrinogen" in the blood- 
stream likewise did so physiologically as required, their secreted 
granulatiors. combining with the oxidizing substance (adren- 
oxidase) as needed to sustain, according to the body^s needs, the 
blood’s own temperature. Here again, the nucleo-protcid gran- 
ulations are protected by the cytoplasm of the leucocytes until 
needed. 

Two tests of the question are necessary, however, to place 
the conclusions herein submitted on a solid basis: (1) the gran- 
ules or microsomes of the tissue-cells should react to stains as 
do the granulations of leucocytes; (2) the tissue-cell granules 
should be shown to act as nutritive particles in keeping with 
the leucocytic granulations. 

Wilson,®* referring to the two forms of granules found in 
the chromatic network of cells, says: “They are sharply dif- 
ferentiated by dyes, the ftasichromatin being colored by the 
basic anilines (methyl-green, saffraniii, etc.) and other true 
nuclear stains; while the ozychromatin-granulcs, like many 
cytoplasmic structures, and like the substance of true nucleoli 
(pyrenin), arc colored by acid anilines (rubin, eosin, etc.) and 
other ‘plasma stains.^ ” Klein,®® on the other hand, states, re- 
ferring to “granular leucocytes," that they “behave differently 
when subjected to staining with aniline dyes. In some the 
granules stain readily with acid aniline dyes — e.g.y eosin — so 
that they become bright red — eosinophilc (Ehrlich) or orryphilc 
cells; in others, the granules stain only in lasic aniline dyes — 
basophile cells; in still others they stain both with acid and 
alkaline aniline dyes — ncutrophile or amphophile.^^ This ap- 
plies as well to nerve-cells. Thus, the ganglion-cell “in which," 
as stated by Ewing, “the chromatic element is in the form 
of granules irregularly placed through the cell-body," react in 
the same manner to those reagents. Marinesco^^ found that 

“Wilson: hoc. dt, p. 28. 

“Klein: Loc cit., p. 27. 1898. 

Ewing: Arch, of Neur. and Psych., vol. 1. No. 3. p. 263. 1898. 

7^ Marlnesco: C. r. dc la Soc. de blol.. Jan. 25. p. 106. 1896. 
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the “chromophile elements of motor-cells were strongly stained 
by lasic aniline reagents," and Benda^® observed chromatic 
granules which stained as do the basophile granulations of leu- 
cocytes. Held^® also depicted granules stained by acid anilines, 
and both Colucci^^ and Heimann^*' observed others which, like 
amphophilic granulations, stained with acid and alkaline dyes. 
It is evident, therefore, that as far as their reaction to stains 
is concerned, tissue-cell granules and leucocyte granulations 
correspond. 

The second test, i.e., that the granulations nourish the 
tissue-cells, is no less conclusive. Monti^® and Lamy,^^ after 
obstructing the circulation of cerebral vessels by injections of 
lycopodium, observed a progressive loss of chromatic substance, 
i.e.y of granules, in the dendrites and cell-bodies of the parts 
deprived of blood. The last-named investigator also observed 
a gradual loss of chromatic substance in these cells after ligat- 
ing the aorta. Sarbo^** noted a gradual disintegration of this 
substance after ligating the abdominal aorta. Juliusbcrger^® 
obtained a similar effect by compressing this vessel. Kwing®® 
verified these results in the human subject, and eoncluded that 
^The chromatic structures of th(*se nervc-cePs are more im- 
mediately affected by changes in their blood supply than by 
any other influences whose effects upon them have yet been 
studied." Hodge®^ and Mann®* observed that “during the re- 
pose of the cell, the chromatin accumulates in the nucleus, 
while during the cell activity this stored-up material gradually 
disappears."®® Considered unitedly these facts indicate plainly 
that it is from the blood and its cells that the nerve-cells re- 
ceive their chromatic granules, and that their purpose is to 
nourish these cells. 

Chromatolysis, i.e,, destruction of the granules, shows, not 
only that the granules arc nutrient bodies, but also that these 


” Benda: Neurol. Centralbl., Bd. xlv, S. 759, 1896. 

''«Held: Arch. f. Anat. u. Physiol., S. 39G, 1895; S. 204, 1897. 
v«Colucci: Ann. d. Neurol., S. 145, 1896. 

'^^Helmann: Virchow’s Archlv, Bd. clll, S. 298, 1898. 

Monti: Arch. Ital. de blol.. S. 20, 1895. 

”Lamy: Arch, de physiol., T. vil, p. 77, 1895; T. ix, p. 184, 1897. 
™Sarbo: Neurol. Centralbl., Bd. xiv, S. 664, 1895. 

™ Juliuaberger: /ftW., Bd. xv, S. 386, 1896. 

Ewing: Lor. pit., p. 410. 

“ Hodge: Jour, of Morph., vol. vii, p. 95, 1892. 

^Mann: Jour, of Anat. and Physiol., vol. xxix, p. 100, 1894. 

” Bawden: Jour, of Compar. Neurol., May, p. 243, 1900. 
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bodies arc of external origin. “Chromatolysis generally begins 
at the periphery bf the cell and in the dendrons/" says Halli- 
burton,**^ “but in advanced cases the whole cell may be 
affected.” That the morbid progression is inward is obvious. 
The same author says also that chromatolysis alone, however, 
“is not indicative of cell destruction,^’ and that “the cell may 
recover its functions later when the abnormal condition passes 
off.” ^’his further indicates that the granules arc nutrient 
elements, i.c., substances of extrinsic origin and bound there- 
fore to penetrate the cell cent ripe tally, their first contact with 
it being in the intenjcllular spaces, where granular leucocytes 
arc often met. 

On the whole, the identity of (nuclco-protcid) cell-granules 
as “nutritive particles,” using Spencer’s expression, is no longer 
to be doubtcnl. Ewing, after reviewing the labors of several of 
the above and other investigators, remarks: “Nevertheless the 
consideration of more recent data leads irresistibly to the con- 
clusion that the chromatic bodies of the nerve-cells represent 
a state of physiologi(*al nutrition.” Eeferring to Nissl’s gran- 
ules, Halliburton**® also writes: “It can hardly be denied that 
the substance of which the granules are composed, forming as 
it docs so large a proi)ortion of the cell-contents, and made of 
a material in which nuclein is an important constituent, is inti- 
mately related to the nnlritional condition of the neuron.” 

The most complicated of all cells, the nerve-cell, has been 
taken as model because it exemplifies better than any other tlie 
function of nucleo-proteid granules, t.c., the chromatic bodies. 
This role is common to all cells; thus TTam mars ten,**" referring 
to the animal cell in general, writes: “The nucleo-protcids 
take a very prominent place among the compound protcids of 
the cell.” Indeed, this applies to the entire animal scale, down 
even to the simplest of living things, the protameeba. Though 
this unicellular organism contains neither nucleus hor con- 
tractile vacuole, the same minute nucleo-proteid granules — 
chromatin — arc clearly visible throughout their entire sub- 
stance. In fact, the same stainable parti(dcs are met with in 
somewhat less primitive forms, some ciliated infusoria — Oxy- 

‘^Halliburton: “Biochemistry of Muscle and Nerve,” p. 87, 1904. 

“Halliburton: hoc. eit., p. 87. 

“ Hammarsten : Loc. cit., p. 118. 
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triclia flava, for example — in which they represent the frag- 
ments of broken-up nuclei. In another organism of the same 
group, Trachelocereay we see the identical stainahle granules, 
but here they are collectively termed a “diffused niirlcua ,'' — a 
nucleus starting from the periphery of the cell, where the 
granules are most numerous, and apparently invading the whole 
field — the nutrient material penetrating their surface precisely 
(in the light of my views) as our own cells absorb the nutrient 
granules supplied to them by leucocytes. 

The Porifera, a group to which the sponges Ixdong, afford 
an example of the manner in which the granulations of leuco- 
cyte-like cells can subserve nutrition. Thus, llacckel^^ refers 
to amoebocytes as “the remarkable anueboid wandering cells, 
which seem to possess an important physiological function in 
all sponges.” “Their protoplasm usually en- 

closes,” says this distinguished zoologist, “a variable mass of 
dark, highly refracting and intensely staining grannies, and 
often these enter into the lappet-like processes, or lohopodia of 
the cell, as in the similar common ammbaj. The aimebocyies 
of the sponges arc cornparahle to the leurocytes of the higher 
MetazoaP “Their functions are probably multi- 

farious, referring mainly to the nutrition of the sponge. They 
may be vehicles of food and of reserve nutrinumts.” 

The kinship of the amoebocytes with the leucocytes of our 
own organism becomes striking when the structure of the 
former is closely examined. Bay Lankester’^** includes among 
the distinguishing features of the wandering cells of s])ongcs 
“the quantity of granules with which their cytoplasm is usually 
packed;” also “the nature of the contained granulations, one 
kind having coarse, large granules, the other fine granules.” 
He refers to the researches of Fiedler (ISScS), who describes two 
kinds of wandering cells, “which he has termed Fresszellen 
(phagocytes) and Nahrzcllen (trophocytes) respectively; the 
former, which occur always near (he free surfaces of the sponge 
body, are concerned more especially with the ingestion, and per- 
haps with the digestion of food; the latter, found in all parts, 
appear to provide for its distrihnlionP* We have here a self- 


• The italics are my own.-rS. 

” Haeckel: “Rep. of Challenger Exp.,” 
Ray Lankester: "TreatlBe on Zoology, 
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evident counterpart of the functions of leucocytes in the high- 
est vertebrates, as emphasized in the foregoing pages. 

The correspondence between so lowly an animal as the 
sponge and the highest representatives of the zoological scale 
is not invalidated by the fact that the former lives in the seas 
while the latter include a vast number that lead a purely ter- 
restrial existence. Forty years ago, Claude Bernard®® taught 
that the blood of vertebrates represented “an internal medium 
in which anatomical elements live as do fishes iu water.’’ In- 
deed, man has not severed his connection with the Oceans in 
which lived the primitive cells from which he sprang; his blood, 
we shall see,®® closely approximates sea-water in composition: 
he merely carries, tlierofore, a bit of the Ocean within him. 
But we must not overlook the difference between a free mobile, 
unicellular organism, the ammba, for instance, and a cell de- 
prived of migratory motions such as the tissue-cell. The one 
is able to provide itself with sufticient food, not only because it 
can reach for it with its pseudopodia, but also because it can, 
by migrating, increase, when necessary and conditions permit- 
ting, its food-supply. The sedentary tissue-cell, imprisoned 
among its kind, cannot tlius satisfy its needs, and Nature 
meets the want by providing both an amceboid messenger, 
the leucocyte, and the precise food the tissues need, the 
granule. 

Summarized, this evidence, supplemented by that contained 
in the preceding section and in the first volume, appears to me 
to warrant the following conclusions: (1) that the tissue-cdls 
are not nourished as now taught, hy peptones carried to them hy 
the hlood-plasrna ; (2) that this function is carried on by leuco- 
cytes which migrate through the walls of the capillaries with 
the blood-plasma, to enter the spares between the tissue-cells; 
(3) that once in the intercellular spaces the leucocytes secrete 
their granulations; (4) that these granulations are the nutria 
tive materials of the tissue-cells; (5) that the gramdaUons 
penetrate the tissue-cells from the periphery and constitute their 
granules or microsomes. 

^Claude Bernard: Lecona sur lea propridtd^ dea tiaaua vlvanta/' p. 66, 
Paris, 1866. 

Cf. this vol.. 1367. 
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THE LEUCOCYTIC FERMENTS AS THE INTRACELLULAR 
FERMENTS OF TISSUE-CELLS. 

MendeP^ wrote recently (1906) : ^‘Enzymes are no longer 
thought of exclusively as agents of the digestive apparatus; 
they enter everywhere' into the manifold activities of cells in 
almost every feature of metabolism.” Indeed, the tissue-cell 
does not contain the nucleo-proteid only; it embodies, as shown 
below, the three agents which carry on the digestive process in 
the alimentary canal, and which jointly constitute an ^‘enzyme” 
or “ferment,” one of the hydrolytic triads. 

The presence of the zymogen is shown by that of the fer- 
ment of which it is the known precursor. VcrworiP^ states that 
ferments “appear in both animals and plants,” and that even 
in “free cells,” i.e., unicellular organisms, “the ferments arc of 
great importance for the nutrition of the cell when these or- 
ganisms, as is the case with the bacteria, come into contact with 
organic food and are obliged first to liquefy solid food-stuffs in 
order to be able to absorb them.” That this is carried out by 
a common ferment was recently suggested by S. H. Vines.®* 
“All known proteolytic enzymes of plants are tryptic,” says 
this plant physiologist, “though some of them, such as that of 
Drosera, still await further investigation. This suggestion,” 
he adds, “gains in interest when it is borne in mind that tryptic 
digestion is of general occurrence in the animal kingdom, and 
is apparently the sole process in many vertebrates. It is not 
improbable that it may be extended into the proposition that 
tryptic digestion is a property of all living organisms.” 

That this applies as well to human and other animal tissues 
is shown in our own literature: “Th(?rc is no longer any rea- 
son to suppose,” says Halliburton,®* “that the fennent at work 
is pepsin which had been previously absorbed from the aliment- 
ary canal, for Hedin and Rowland®® have shown that the pro- 
teolytic ferment which is present in muscle, as in many other 
animal tissues (spleen, kidney, etc.), is more like trypsin than 
pepsin in its mode of action.” Elsewhere, he reminds the 

Mendel: Jour. Amer. Med. Abboc., Mar. 24, 1906. 

•*Verworn: Loc, cit., p. 171. 

•®S. H. Vines: Annals of Botany, vol. xv, p. B72, 1901. 

Halliburton: Loc. ML, p. 12. 

Ml Hedin and Rowland: Zeit. t phys. Chemle, Bd. xxxll, S. 341, 531, 1901. 
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reader®" the existence” in muscle a proteolytic enzyme” 
and finally states that “glycolysis occurs in many tissues, and 
that the agent or ferment to which this is due, is believed by 
Cohnheim®^ to be rendered active by the internal' secretion of 
the pancreas.” That trypsinogen is common to all cells is 
evident. 

The presence of nticleo-proleid has been sufficiently em- 
phasized in the preceding section. I showed therein that all 
cells, from the lowest unicellular organisms up to the highest 
members of great cell colonics, contained nucleo-protcid gran- 
ules. I may add the testimony of Chittenden,®** who wrote re- 
cently: “Nucleo-proteids of various kinds are conspicuous con- 
stituents of all cells; they are found in all tissues, in all gland- 
ular organs, and their widespread distribution may be taken as 
evidence of their great physiological importance.” 

The term “oxidizing substance,” we have seen, is syn- 
onymous with “oxidase,” and, in the higher organisms, with 
adrenoxidasc, “It has been positively proved by the researches 
of Jaqnet, Salkowski, Spitzer, Kbhmann, Abclous and Biarnes, 
Bertrand, Bourquelot, DcKey-Pailhade, Medvedew, Pohl, 
Jacoby, Chadot and Bach, and others,” says Haininarstcn,®® 
“that in the blood and different tissues of the animal body, as 
also in plant cells, substances occur which have the property 
of causing certain oxidations and arc therefore called oxidation 
ferments or oxidases. Little is known in regard to the nature 
or the manner of action of these bodies.” In the thirteenth 
chapter'®® I stated that, while Claude Bernard, Pavy and Lepinc 
had observed that blood-plasma could oxidize sugar, Pohl, Spit- 
zer and others had found that intercellular and tissue juices 
produced a similar effect; that Ijoew had been led by his re- 
si'arches to conclude that “tluTc does not exist a group of or- 
ganisms or any organ, or even a single vegetable or animal cell 
that does not contain some catalase;” and finally that “this 
general occurrence of catalase in the organized world cannot bo 
accidental and must have a certain significance.” We have 

®« Halliburton: hoc. Ht., p. 31. 

^^Cobnheim: Zeit. f. phya. Chemlo. Bd. xxxlx, S. 336. 1903. 

^ Chittonden : Boston Med. ft Surg. Jour., Aug. 17. 1906. 

Hammarstcin: Loe. cit., p. 7. 

Vf. this vol., p. 81.3. - 
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seen also that recently Jolles^®' found that the catalase 
which decomposes hydrogen peroxide is associated with the red 
corpuscles. As 1 have shown/®^ catalase is a name given to 
adrenoxidasc, or its homologiic in animals in which adrenals do 
not exist and in plants, owing to the catalytic properties of its 
active principle. Adrenoxidasc is thus endowed with two prop- 
erties, viz., that of a catalytic and that of an oxidizing agent. 
Loew’s generalization, therefore, aj)plies to adrenoxidase or its 
homologiic in lower forms. Its presence in the latter is furlher 
emphasized by the fact that sponges protect their bodies, ac- 
cording to Itay Ijankestcr,^®^ not only by fringes and palisades 
of spicules, but “also by excretion of poisonous ferments from 
the surface of the body which have a strongly oxidizing action.^^ 

Not only are the three components of trypsin — the ferment 
itself in fact — thus shown to be present in all tissue-cells and 
in all organisms, but tissue-catabolism corresponds in its gen- 
eral characters with the digestion of nucico-proteids as carried 
on by trypsin — the hydrolytic triad — in the intestine. 

As stated by Barnes,’®'^ tlierc is a remarkable uniformity 
in the decomposition of products of all cells. “x\o matter what 
the organism from w’hieli they are derived,^’ says this plant phy- < 
siologist, “no matter how simple they are or how complex, when 
broken up by the process of digestion or by boiling with acids, 
they yield invariably a series of [irodnets which have become in 
the last few years much better known. These are amino- or 
amido-aeids, such substances as leuein, tyrosin, arginin, glu- 
taniin, glycocoll, etc.” As this applies to the digestive process 
in the intestine as well as to artificial digestion, we can con- 
clude that if these decomposition products arc also excreted by 
the tissue cells, these cells are the seat of a digestive process 
similar to that of the intestinal canal. 

That such is the case is shown by the fact that the pre- 
cursors of urea, which include the amino-acids, can be traced 
to the tissues. SalkowsknV®'' Schnltzen and Nencki,^®® and 
other chemists, have showni that amino-acids are converted into 
urea during the transit thi’ough the body. That the liver is 

Cf. this vol., p. 822. 

**** Ray Laokestcr: Loc. cit. 

Barnes: Science, vol. xxl. No. 5£9, p. 241, Iflor). 

SalkowskI : Zelt. f. physiol. Chemle, Bd. Iv, S. 100, 1879. 

Schultzcn and Nenckl: Zeit. f. Biol., Bd. vUl, S. 124, 1872. 
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not the only organ in which this conversion occurs, as was 
formerly believed, may be shown in various ways. Experi- 
mental removal of this organ by Slosse,^®’^ Nencki and Paw- 
low,i®** and others, failed to arrest the formation of urea, while 
Kauffmann^®® found that when the liver and kidneys were en- 
tirely isolated from the circulation (to which, we have seen, the 
lymph carries waste-products derived from the cells), the blood 
was found to contain an excess of urea. This was confirmed 
by the researches of Wuriz, which showed that under the same 
conditions, “lymph contains more urea than docs the blood of 
the same individual’’ (ScliMer^^®) — considerably more, in fact, 
since the ratio is 0.009 parts per cent, in the blood to 0.016 
parts per cent, in the lymph. 

Finally, Halliburton^^^ states that “there can be but little 
doubt that muscular tissue, being our most abundant tissue, is 
the ultimate source of most of the nitrogenous waste that leaves 
the body as urea.” Indeed, Barnes refers to the ease with 
which lactic acid (and this applies also to the familiar, muscular 
acid, Le.y sarco-lactic acid) “can be converted into an amido- 
acid, glycocoll.” Chittenden also says:^*“ “Muscles, liver, kid- 
neys, lymph-glands, lungs, spleen, etc., all contain proteid-dis- 
solving ferments, and when the tissues are subjected to auto- 
digestion or autolysis, such products as the amido-acids, Icucin 
and tyrosin, tryptophan, glycocoll, hexone bases or diamino- 
acids and ammonia result from the breaking down of the various 
protcids of the tissue.” lie closes the paragraph with the state- 
ment that “the general trend of action with these intracellular 
proteolytic ferments is hydrolytic cleavage, much the same as the 
influence exerted by mineral acids, or by ordinary digestive 
enzymes.^^ 

It is evident, therefore, that the tissue cells arc the seat 
of a digestive process similar to that in the intestinal canal, and 
that it is carried on by the same hydrolytic triad “trypsin.” 

Two sources of confusion in the current interpretation of 
tissue metabolism require attention in this connection. The 

SlosBe: DuBols-Reymond's Archiv f. Physiol., S. 482, 1898. 

108 Nencki and Pawlow: Arch. d. Sc. Med. de St. Petersburg, T. V. 
iMKauffmann: C. r. de la Soc. de biol., T. xlvl. p. 323, 1894. 

“0 Schftfer; Loc. cit., vol. i, p. 183, 1898. 

Halliburton: Loc. Hi., p. 41, 1904. 

Chittenden: Boston Med. ft Surg. Jour., Aug. 17, 1906. 
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first of these is the multiplicity of ferments which are thought 
necessary to explain tissue function — a feature which, in my 
opinion, accounts for the growing complexity of the problem. 

Chittenden^^® remarks: "There is practically no process 
of metabolism so intricate or obscure that it cannot well be ex- 
plained by the action and interaction of intracellular ferments.” 
The confusing feature just referred to appears, however, when 
he adds: "New ferments arc constantly being discovered, new 
chemical reactions arc being traced to the power of special fer- 
ments ” This applies also to the oxidizing ferments. 

"Oxidation is preeminently one of Nature’s ways of bringing 
about alteration and decomposition,” says the same author, 
"and in intermediary metabolism especially, oxidative processes 
must be quite conspicuous. Yet to-day we have accumulated a 
mass of evidence tending to show that oxidation in the tissues 
is due primarily to the presence and action of a row of more or 
less closely related^ though chemically distinct ferments, known 
as oxidases.* Physiological oxidation, therefore, as it occurs 
in metabolism, is likewise a result of intracellular ferment 
action.” This corresponds with the prevailing view, the various 
ferments bearing characteristic names, aldehydase, guanasc, 
tyrosinase, adenase, indolphcnol-oxidase, nuclease, etc., etc., 
according to the substances upon which they act, the organs in 
which they are found, the organic substance with which they 
happen to be combined, etc. 

At best, this multiplicity of ferments — both proteolytic and 
oxidizing — can only be assumed, since as recently (1905) stated 
by Halliburton:^'* "Ferments are substances which have, to a 
great extent, eluded the grasp of the chemist. All he can say,” 
adds this physiologist, "is that they are probably proteid-like in 
nature, and in some cases the proteid material with which they 
are either identical or united is, as in the case of fibrin ferment, 
of the nucleo-proteid variety.” On the other hand, this is a 
suggestive statement in view of the interpretation of the com- 
position of ferments in general I have submitted in the pre- 
ceding chapter: viz., that there is hut one true ferment — that 


• Tho Italics are my own.— S. 
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represented by the adrenal active principle of adrenoxidasc (or 
its hoinologue in organisms deprived of adrenals); that all ‘‘fer- 
ments” contain nuclco-proteid; and finally that the specific 
action of any ‘'ferment” is due, not to a specific fennent, since 
there is but one ^'ferment of ferments/^ but to the zymogen 
which the triad termed “ferment” happens to contain. 

Once fully apprehended, this simplified conception of the 
composition of ferments will tend to eliminate many of the ob- 
stacles met with when any attempt is made to interpret clearly 
tile intrinsic processes of tissue-metabolism — obstacles which 
have made it impossible, so far, to discern the true nature of 
this process. Besides supplying a logical explanation of the 
manner in which ox3’^gen is supplied to the tissues (the process 
I have submitted in the thirteenth chapter of this w'ork) we 
would not be constantly confronted Avith new' “ferments,” but 
Avith combinations of knowm tangible bodies, Avhosc chemical 
properties have been thoroughly sGrutinized — all endoAved Avith 
their (luality as a “ferment” by the “ferment of ferments.” 

Examples arc not lacking in Avhieh these principles are ap- 
plicable. Thus, Ave hav(» seen that Pawdow’s enterokinasc and 
Bayliss and Starling’s secretin are not ferments, but that tliey 
contain adrenoxidasc. Cohnheim’s “muscle ferment” need 
only be adrenoxidasc to cleave sugar Avhen combined with the 
secretion of the islands of Langerhans if cither the latter or 
the adrenoxidasc contain nucleo-proteid. Finalh% (yohnheim’s 
erepsin need not be a “ferment,” since, as shoAvn by various in- 
vestigators, it has the same properties as trypsin; it may be, 
therefore, only the proteolytic triad knoAvn under the name of 
“trypsin.” Yet, Cohnheim holds, on good ground, that erepsin 
is not trypsin, and that it is endowed Avith other properties. So 
is the pancreatic juice endoAved with properties other than those 
of trypsin — those it receives from zymogens other than trypsin- 
ogen, and w^hich arc all, avo have seen, taken up by the diges- 
tive leucocytes. It may thus happen that erepsin will prove to 
be an aggregate; of all the hydrolytic triads — proteolytic, arnylo- 
lytic, lipolytic, glycolytic, etc. — ^which bathe the intestinal 
mucosa, and which, through the intermediary of the leucocytes, 
reach the tissue-cells, to carry on therein a function similar to 
that performed by them in the intc^stinal canal, i.g., digestion 
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by hydrolysis, but having as object in the tissue-cells, the break- 
ing down of worn-out elements. 

The second misleading feature now suggests itself: the pre- 
vailing belief that the tissue-cells themselves are a source of 
the “intracellular ferments,” and that the intrinsic processes ol‘ 
the cell arc ascribable to the presence of a large number of such 
ferments. 

This doctrine has also done much to obscure our knowledge 
of cellular metabolism by suggesting fictitious functions in the 
tissue-cell, tlius defeating any attempt to discover the scipieiure 
of events in the interchanges of which it is the seat. Sugges- 
tive in this connection arc the following lines by Moore in a 
recently published w'ork:^^® “Jiluch has been made of the fact 
that intracellular enzymes have been isolated from living cells 
which are capable of producing actions hitherto only observed 
in the presence of the cell, and it has been surmised that ail, or 
nearly all, the chemical activity of the cell may be due to the 
action of a hrrgc number of such intracellular enzymes.” .... 
. . . “Without (lisi)araging the importance and value of such 
work of separation of intracellular enzymes, it may, liowever, 
be urged that there is in such a view no explanation ot the 
phasic activity of the cell, no taking into account of the action 
of the living cell in co-ordinating, so to si)eak, the myriad ac- 
tivities going on wdthin it whereby the whole process is 
regulated.” 

In the light of all the facts submitted so far in this work 
regarding the role of leucocytes in the nutrition of the tissue- 
cell, the coordination of the various phases of its life-cycle as- 
sumes a normal sequence. The leucocyte not only supplies the 
“nutritive particles,” as TTerbert Spencer calls them, thus satis- 
fying the constructive or anabolic phase of the process, but also 
the hydrolytic enzymes necessary to break down the worn-out 
nutrient material and prepare it for elimination — the catabolic 
phase of the process. 

A question at once imposes itself, however, in this connec- 
tion. We are dealing now with the tis>sue-cells of highly differ- 
entiated animals in which the pancreas affords an endless siip- 

Moore; HUl’s "Receot Advances In Physiology and Blo-Chemistry,” p. 11, 

1906. 
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ply of zymogeus for the elaboration of “ferments/^ which the 
leucocytes transfer to the cells. How can we account for the 
presence of these same enzymes — or aggregate of enzymes 
characterized as “trypsin” — in an animal devoid of pancreas, 
down, in fact, to the lowest in the zoological scale, the unicellu- 
lar organism? Even the latter differs in no way, as to the 
manner in which its life-cycle is sustained, from the tissue-cell 
of the highest of vertebrates, man. Although it has to provide 
for itself, it acquires from the organic materials it engulfs in 
its protoplasm the three bodies required to build up its “fer- 
ments,” and which, we have seen, arc present in all living 
structures. 

All this clearly points to a common governing prin- 
ciple in all organic life concerning the manner in which a 
living cell acquires the ferments which carry on its meta- 
bolism, viz., combined with the food materials it ingests. It 
is as evident that since, as we have seen, it is the function 
of the digestive leucocytes to provide the tissue-cells their 
nutrient materials and the hydrolytic ferments required to 
break the latter down when thoy are no longer of use, these 
ferments cannot be said to originate in the tissue-cells them- 
selves, but in the digestive apparatus from which the leucocytes 
obtain them. 

In brief, the foregoing evidence has served to show: (1) 
that the tissue-cells do not contain, as now believed, a large num- 
ber of special ferments differing from those found in the intes- 
tine; (2) that the tissue-cells of all living orgarmms contain 
the three constituents of at least one hydrolytic triad, trypsin, 
including adrenoxidase, the active principle of which confers 
upon the latter its properties as a ferment; (3) that whereas in 
the intestine and in the digestive leucocytes, trypsin hydrolyses 
food-proteids prior to their transformation into assimilable gran- 
ides (anabolism) , in the tissue-cell it hydrolyses worn-out pro- 
teid granules or chromosomes to convert them into eliminable 
waste-products (catabolism ) ; (4) that the trypsin or any other 
hydrolytic ferment found in tissue-cells does not originate in 
these cells, hut from the digestive apparatus through the inter- 
mediary of the digestive leucocytes. 
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THE GRANULATIONS OF LEUCOCYTES AND ADRENOXIDASE 
IN THE FUNCTIONS OF THE NERVE-CELL. 

^‘What the nerve-impulse actually consists in we do not 
know,” says Stewart.^'* “All we know is that a change of some 
kind, of which the only external token is an electrical change, 
passes over the nerve with a measurable velocity, and gives 

tidings of itself.” “Whether the wave which 

passes along the nerve is a wave of chemical change (such, for 
example, as runs along a train of gunpowder when it is fired at 
one end), or a wave of mechanical change, a peculiar and most 
delicate molecular shiver, if w'e may so phrase it, there is no 
definite experimental evidence to decide, although the former 
is the most probable view.” 

We have just seen that the chromatin granules w^hich 
correspond chemically and tinctorially with the nucleo-proteid 
granulations of leucocytes arc also present in the nerve-cells. 
Again, in the first volume**^ I pointed out a fact which scorned 
to me capable of affording a clue to the nature of the nerve- 
impulse, viz., that the oxidizing substance — the adrenoxidasc — 
circulates in the axis-cylinders of nerves, the cell-bodies and 
their protoplasmic processes or dendrites, and other nerve-struc- 
tures, and that the nervous system, as far as the plasma is con- 
cerned, is an extension of -the general circulalion, thus consti- 
tuting what might be ternied the intraneural circulation. 

That the various nervous structures referred to are longi- 
tudinal channels or canalieuli similar to capillaries, and that 
the blood-plasma circulates in these channels, is sustained by 
considerable evidence. 

Holmgren”” found that the reticular network of all gang- 
lion-cells was’ in reality, a system of lyrnph-canaliculi and that 
the nucleus itself received two delicate vessels. This was con- 
firmed by Studnickal, Bethe and others. Donaggio”® con- 
ducted similar researches, using, however, material from vari- 
ous parts of the brain and spinal system. He not only con- 
firmed the findings of his predecessors, hut found that the dis- 


Stewart: "Manual of Physiology," fourth edition, p. 592, 1900. 
Cf. vol. i, pp. 532 to 590. ^ ^ 

Holmgren: Anatom. Anzeiger, Bd. xvl, Nu. 7, S. 16.1, 1899. 
i>® Donaggio: Rivlsta apcTimentalc, Fasc. 1, 1900. 
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tribiitioii and general characters of the minute canaliculi were 
identical in all types of cells, the only variations being in the 
caliber of the canaliculi, these minute channels being somewhat 
larger in some cells than in others. That it is not lymph, how- 
ever, as these authors believe, that circulates in the ganglionic 
canaliculi, and that it is the blood-plasma — its vascular homo- 
logue — is shown by the earlier (1886) experiments of Adajnkie- 
w'icz.‘-‘* This observer found that injections into blood-vessels 
caused the plasma alone, i.e., blood-plfisma without blood-cor- 
[)uscles, to penetrate minute capillaries which coursed in gang- 
lionic cells. 

Zoology affords many examples in which the blood-plasma 
circulates in the netve ganglia. This is best shown in animals 
whose blood contains no nnl corpuscles and in which the lucmo- 
globin is dissolved in the plasma. Thus, Ray Tjankestcr'^* 
found that in the sea-mouse the chain of nerve ganglia was a 
bright crimson color, the hue in the supra-cesophageal ganglion 
being as intense ^Sis a drop of fresh human blood,” the color 
impregnating ^‘thc nerve itself.” Gamgee^'^^ also states that 
^‘hiemoglol)in has been found ditfusod in the substance of the 
nervous tissue,” and that llubrecht'**'* ‘^foiind hamioglobin in 
the red-colored cerebral ganglia of certain Ncmertinc worms, 
which possess no colored blood-(*orpuscles.” 

Pathology sup])lies striking testimony in the same direc- 
tion. Although tlie fact that the toxin of tetanus affects 
mainly the central neivons system has been kru)wn a long time, 
the manner in which it reaches the cellular elements has only 
been established within the last few years. Marie and Morax, 
in 1902,'“'^ found that when this toxin was injected into the 
tissues it entered the blood. Thence it passed into the motor 
and vasomotor nerves, beginning with the peripheral nerve 
endings, and steadily ]^rogressed upward by way of the axis- 
ct/linders, until the central nervous system, cord, pons, medulla, 
etc., were saturated. While motor nerves were found to ‘^ab- 
sorb” toxin more rapidly than others, the sensory and sym- 
pathetic nerve endings were also found to take up portions of 

^2" Adamklt'wlo'/,; Noiirol. Cpntralbl., Bd. xlx, S. 2. 1900. 

Ray Lankester: Proc. Royal Soc., London, vol. xxl, p. 70, 1872. 

^-*-*GamKee: Schafer, Lor. rit.. vol. I, p. 187. 

^saHubrecht: Nlederland Arch. f. Zoolo^k-, Hft. .1. 1876. 

Marie and Morax: Ann. de I'lnet. Pasteur, vol. xvi, p. 818, 1902. 
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the toxin. These observations were eonfirnied by Meyer and 
Ransoin^^® by independent researches. Tliey observed, more- 
over, that the symptoms of tetanus occurred early if the region 
inoculated was near the central nervous systiun, and that the 
period of incubation was long when the iiioculalioii was remote 
from the cord, thus showing that the length of the nerve gov- 
erned the period of incubation, a fact previously emphasized by 
Courmont and Doyon.^-" Meyer and Ransom, moreover, found 
the toxin in the axis-cylinders, and ascertained that when it 
was injected after these structures had been s(?ver(‘d, the upper 
segment did not contain the poison. Thu latter travelled cem- 
tripetally and entered the nerve, not by way of the neural cap- 
illaries, but by the bare axis-cylinder endings in the muscle. 
1'hcse and other experiments led these investigators to coneludo 
that the toxin did not reach the central nervous system by the 
lymphatics, but soMy by the axis-cylinders. They suggested 
that there must be in these structures ‘^i current of protoplasm” 
which carried the toxin to the central cells. That the toxin 
did not penetrate the axis-cylinders by way of the lymphatics 
liad also been demonstrated by Marie and ^rorax.'*-^^ '^Fhesc in- 
vestigators suggested that it was ^^absorbed” by thesis stnic.tures. 
With the axis-cylinders as plasma-capillaries, we need no tenta- 
tive theories to explain this process: Tt is the. blood-plasma 
that enters these minute channels to which Schafer’-*^ refers as 
‘‘extremely tine tubes tilled with fluid” which carries the toxin 
while coursing through them. 

Th(‘ presence of the oxidizing substance, i.p., adrerioxidase, 
in those nerve-channels suggests itself in view of the fads that 
the plasma invariably contains this substance, as we have seen, 
and that it is the albuminous and main component (!)4 per 
cent.) of hromoglobin,. which circulates as just shown in the 
ganglia and nerves of some animals. Rut direct evidence to 
this effect is also available. As stated by Rark(‘r,^^® “the con- 
ditions in the nerve structures essential to methvlene-blue re- 
actions” are, according to Ehrlich (1880), “(1) oxygen satura- 
tion, (2) alkalinity.” As is well known, injections of methylono- 

12B Moyer and Ransom: Procpodinga Royal Soc., vol, lxxH, p. 20, 1904. 

Courmont and Doyon: ‘‘Le t^tanos,” Paris, 1899. 

'2^ Marie and Morax: Aor. cit. 

»» Of. vol. I. p. r..%. 

»» Barker: N. Y. Mod. Jour., May 10, ct scq., 1897-98. 
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blue into animals causes their axis-cylinders, nerve-endings, etc., 
to become intensely blue, thus proving the presence of consider- 
able oxygen in these structures. Again, since the methylene- 
blue penetrates the nerves, though injected in the subcutaneous 
tissues to be absorbed by the blood, it is evident that it is the 
latter, or rather its oxygen-laden plasma, which carries the stain 
into the axis-cylinders, nerve-endings, etc. — precisely as is the 
case with tetanus toxin. 

That the inethyleno-blue actually penetrates into the axis- 
cylinders was recently demonstrated by Mcltzer, of New York.'®® 
Intravenous injections were followed not only by staining of 
these structures throughout their entire length, but when a 
segment of nerve was isolated between two ligatures, it failed 
to be stained, thus showing that the methylene-blue entered the 
nerve by way of its extremities, central and peripheral. Al- 
though chloride of gold and nitrate of silver solutions pene- 
trated the axis-cylinder from the side, at Ranvier^s nodes, stain- 
ing the axis-cylinders a short distance, the mcthylcne-blue solu- 
tion circulated from end to end, Tlic concurrence with the 
circulation of tetanus toxin as to the role of the axis-cylinders 
as channels for the methylene-blue stained plasma is self- 
evident. 

Again, as shown by Apathy, the structures stained with 
methylene-blue arc also stained by his chloride of gold method. 
This coincides with Mcltzer’s observation that the axis-cylinders 
also take both these stains. Now, Barker writes: ^‘Inside the 
(janglion-ceVs a rceticulum of fine fibrils derived from the ncuro- 
fibrils in transit can be stained a beautiful deep-violet color by 
Apathy’s chloride of gold method,’’ This confirms the obser- 
vation of Adamkiewicz as to the circulation of blood-plasma in 
the ganglionic cells. It explains also Avhy Meltzer found that 
the methylene-blue entered the axis-cylinders by way of the 
central nerve-cells as well as through peripheral nerve-endings. 
Indeed, that it is the fluid wdiich circulates in the axis-cylinders 
that is present in the cellular network of neuro-fibrils is further 
shown by the familiar fact that the latter is also stained by 
methylene-blue. The link with Meltzer’s observation now ap- 
pears: ^^Apathy, Bethe, Nissl and other histologists have all 

Meltzer: Amer. Jour, of Physiol., vol. x, p. xxlv, 1903-4. 
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found that the neuro-fibrils which reach the cell-body of a 
neuron by way of its dendrites passed out of it again to take 
part in the formation of the axis-^cylinder — tlius entering tlie 
latter from above, i.c., by way of the central cell/’ 

All this points to another fact, viz., that Apathy’s neuro- 
fibrils are likewise channels for adrenoxidase-ladeii blood- 
plasma, as I suggested in the first volume, for if it is Idood- 
plasma which carries the stains from below, it is the same lluiil 
which carries it from above. 

While this affords evidence in favor of the neuro-fibril 
theory, it does not support Apathy, Bethe, Nissl and their fol- 
lowers in the belief that this theory overthrows the neuron 
doctrine now accepted by most neurologists, including Dejcrine, 
Obersteiner and Barker, and histologists such as Kblliker, 
Kamon y Cajal, van Lenhossek and van Gehuchten, since the 
neuro-fibrils can no longer be considered as ^‘conductors,” as 
plasma capillaries. Moreover, Banion y Cajal has shown re- 
cently^^^ by means of new staining methods, that the ends of 
the dendrites, Le., the neuron’s protoplasmic extensions, arc 
independent nervous elements with free endings, and that they 
are varicose, while the neuro-fibrils arc smooth. The latter 
were found to form two close networks, in which the fibrils 
anastomosed freely, one network extending between the den- 
drites (Golgi’s network), the other sending large fibrils into the 
cell. In some dendrites large fibrils could be traced to the 
nucleus, around which they formed a dense perinuclear mass. 
As these, interpreted from my viewpoint, are all plasma capil- 
laries, the neuron preserves its identity as an iiulcpendent an- 
atomical structure, just as a kidney remains a kidney though 
traversed by many blood-vessels, and though its parenchyma 
contains a multitude of capillaries. The need of these in the 
formation of the nerve-impulse is shown by the fact that, as 
stated by Howell,’ “a nerve placed in an atmosphere free from 
oxygen loses its irritability, and regains it quickly upon the ad- 
mission of oxygen.” Briefly, we are not dealing, as stated 
above, with conductors of nerve energy as Apathy, Bethe and 
their followers believe, but with the circulaiion of the neuron, 

Ramon y Cajal: Archives latlnes de mdd. et de biol., T. 1, No. 1, Oct. 
20 1903 

' Howell; "T. B. of Physiology.” p. 113, 1905. 
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This applies likewise to nucleo-proteid, the presence of 
which in nervc-(;ells was shown in the preceding section. In- 
teresting in this connection is a remark of Halliburton^s brought 
out by liaumstark,’’*® who referred to ^‘the chief proteid mailer 
in nervous tissue as resembling casein.^^ “There is a certain 
amount of truth in this,” says ITallibnrton, “for it is a nucleo- 
proteid.” 1'his is true of brain-cells as well. Levenc’'*^ found 
that “the nucleo-coinpound of the brain was a true nucleo- 
proteid.” 

Altliougli tlic presence of ferments in nervous tissues has 
not been determined specifically, it is a necessary factor in the 
biochemical processes of which nerve-cells and their prolonga- 
tions, dendrites and axis-cylinders, are known to be the seat. 
Thus, Halliburtoif found fresh nervous tissues invariably 
alkaline; and that on exposure they rapidly became acid. lie 
ascribed this change to lactic acid, stating, howijver, that Muller 
and Cschleidcn had comduded that it was due to fermentalion 
lactic acid. We have a counterpart of this process in the for- 
mation of lactic acid in muscles, the sarcolactic acid. The 
lactic acid formed in milk may also be elaborated, as in muscles, 
irrespective of any bacterial action. Ilius Babcock and Rus- 
sclB““ found that, notwithstanding the total absence of bac- 
terial influence, insured by careful sterilization, casein was 
steadily being digested. Their experiments led to the conclu- 
sion that this was due to a ferment which they classed among 
the trypsins. If, now, Raumstark’s observation that the “chief 
proteid matter in nervous tissue” resembles casein, and llalli- 
burton^s remark that this casein-like body is nucleo-proteid, are 
taken into account, and the casein-like nucleo-proteid given the 
position it occupies in milk as a substance which is being di- 
gested by the trypsin (considered elsewhere as a hydrolytic 
triad), we have evidence to the effect that catabolism is not only 
a feature of nervous tissue metabolism, but also that it corre- 
sponds with that of all other cells. Briefly, I showed in a pre- 
ceding section,’*’^ that leucocytes supply nucleo-proteid granules 

Baumstark : Zelt. f. physiol., Chemle, Bd. lx, S. 145, 1889. 

’“Levene: Arch, of Neurol, and Psycho-Path., vol. 11, Nos. 1-2, p. 3, 1899. 

’3® Halliburton: Lofi. Ht., p. 82. 

Babcock and Russell: Annual Rop. of Agrlcul. Exp. Sta., Univ. of Wise., 

1897. 

Cf. this vol., p. 902 et seq. 
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to nerve-cells as well as to other cellular elements; we now lind 
that; as in all other cells, it is nucleo-proteid which is broken 
down by the action of a ferment. 

That nerve-cells must be the seat of metabolism as well as 
other kinds of cells imposes itselL' as a logical conclusion. 
Soury,’“^ in his comprehensive treatise, says in tliis connection: 
“On the whole, the metabolic processes in the spinal ganglia are 
most active. Levi’^” found therein a i|uantity of granules 
greater than in any other nervous element in the organism. It 
is evident that the quantity of these intracellular exchange 
products affords a criterion as to the metabolic activity of a 
nervous element. TIanvier has pointed out the great vascular 
wealth of the spinal ganglia of mammals. It is, in fact, prob- 
able that not only in the spinal ganglia, but also in ncrve-cells 
in general y the metabolic processes are very active.” lie ad- 
duces as evidence to this effect “besides the abundant vascu- 
larization of all the centers and nerves of the organism, the fact 
that of all the elements of the t)ody, the ncrve-ccll is that which 
bears the least well a diminution of oxygen.” 

Cytology and patliolo^ furnish direct evidence in this 
direction : — 

The predominant role of chromatin in the vital functions 
of cells liave caused it to be regarded by cytologists as the cellu- 
lar living substance, that which is being constantly disintegrated 
and replaced concomitantly by new matter. This apjdies like- 
wise, as is well known, to the chromatin of nerve-cells. Now, 
Halliburton,’^® alluding to chromatolysis of the Nissl granules, 
writes: “It occurs in various abnormal states and under the 
influence of certain poisons, and its occurrence indicates a 
diminution of the vital interaction between the highly phos- 
phorized nucleus and the surrounding protoi)lasm. Chroma- 
tolysis alone, however, is not indicative of ( cll destruction, and 
the cell may recover its functions later when the abnormal con- 
dition passes off.” It is evidently the nucleo-proteid which is 
thus reduced, and — as inferred — replaced; for, as stated by the 
same author with reference to the “fine dust-like particles” into 


Soury; *‘Systdme nerveux central,'* Tome ii, Paris, 1889. 
ia»Levl: Riv. di patol. nerv. o meat., p. 169 ei acg[., 1896. 
Halliburton : Loc. eit., p. 87. 
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which the granules are reduced, ‘%icro-chemical methods have 
shown that they consist of nucleo-proteid/^ 

The ncrve-cell differs from the typical cdl described by 
zoologists in one particular — a feature which assumes a normal 
aspect in the light of the foregoing evidence, viz., that its nutri- 
tion and its reproduction are not solely under the domain of the 
cell-body, at least in young animals. 

“Many experiments have shown,” says Verworn,^^^ “that 
protoplasm is incapable of self-preservation without the cell- 
nucleus, and the nucleus similarly incapable without the proto- 
plasm.” If, for example, Stenlor Roeselii, a trumpet-shaped in- 
fusorian, be cut so that one piece will contain protoplasm and 
nucleus, and the other only protoplasm, “the former continues 
to live and represents a complete cell, while the other, possess- 
ing no longer the individuality of a cell, invariably perishes.” 
As stated by Wilson, the latter ceases to assimilate or grow, and 
is devoid of the power of repair. This is thought by physiolo- 
gists to apply to nerve-cells; thus Stewart^*- writes: “Nervc; 
fibers are ‘bound in the l)undle of life^ with the nerve-cells from 
which their axis-cylinders arise: the connection between cell 
and axon once severed, the nerve-fiber dies inevitably.” That 
this can no longer be taken as a guiding-principle, however, is 
shown by the following facts. 

“The question of the possibility of autoregeneration of the 
distal end of a divided nerve which has been prevented from 
uniting with its central end is one of great interest,” wrote 
Barker recently “Be the has repeated the earlier experi- 
ments of Philippeaux and Vulpian, and asserts that in young 
animals autoregeneration takes place, the Schwann cells, 
uniting end to end, building the new nerve-fibers and producing 
not only now axons, but actually new myelin sheaths and neuro- 
fibrils. Bethe’s experiments have been confirmed by Ballance 
and Stewart in England, van Gehuchten in Belgium, Barfurth^^^ 
in Germany, and recently by Baimann.” The facta that, as we 
have seen, axis-cylinders receive blood-plasma by way of their 
peripheral nerve-endings, and that the nerve-substance, includ- 

Verworn: Loc. rIL, p. 60. 

Stewart: Lo(^. dt., p. 605. 

«« Barker: N. Y. Med. Jour.. Apr. 7. 1906. 

^^^Darfurth: Anat. Anzclger. Jena. Bd. xxvil, Suppl.. S. 160. 1905. 
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ing the myelin, receives nucleo-proteid granules through the 
intermediary of leucocytes, readily account for this phenonienon, 
every nerve-segment, whether above or below the section, being 
nourished as if it M'erc an ordinary tissue-cell. 

Barker says also, however, that the validity of the experi- 
ments referred to above “has been denied by Munzer and by 
Langley and Anderson,'^® the latter asserting that if anasto- 
mosis with other nerves in the limb and all possibility of out- 
growth from the central stump be prevented no autoregenera- 
tion occurs.^* In the light of my views these experiments im- 
pair in no way the observations of Pliilippcaux and Vulpian, 
liethe and their followers. The process of regeneration being 
intimately bound up with that of nutrition, the anastomotic 
branches of the divided nerve may subserve important roles in 
this function, both direct and indirect. Under these conditions 
division of these branclies cannot but prevent the reparative 
process. This applies as well to the prevention of outgrowth 
from the central stump. If this outgrowth happens to be a fea- 
ture of the regenerative process, the latter including a siinul- 
taneous development of both stumps, artificial prevention of 
the outgrowth of one of them must inevitably invalidate the pro- 
cess of repair. Interpreted from my standpoint, therefore, the 
experimental procedures of Munzer and of Langley and Ander- 
son merely rendered the autoregeneration of the divided nerve 
impossible by impairing the mechanism upon which it depends. 

The importance of this feature of the problem lies in the 
fact that the regeneration of the peripheral stump has been, and 
is now, regarded, even by the supporters of the neuron theory, 
as a serious obstacle. In the light of my views, it contributes 
additional evidence to the effect that a neuron is nourished 
throughout its entire length, and serves, with other available 
testimony, to raise the neuron to a higher position than it now 
occupies, since it emphasizes the fact that it is not merely a 
cell, but a structure composed of many cells, and therefore an 
organ — traversed, like all other organs, by blood channels. 

Many investigators, Capobianco and Fragnito, Paladino, 
Fischer, Hill, Bechtcrew, van Gieson, Sachs, Nissl and others 
have urged this view to offset Waldeyer^s conception of the 

^"Langley and Anderson: Jour, of Physiol., Tol. xxxl, p. 418, 1904. 
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neuron as a cell or unit, the tendency being even to drop the 
term ^^neuron.”^^® I can see no practical advantage in this; 
Waldeyer^s term is so generally accepted that a new term would 
merely introduce another source of confusion. 

That a nerve, including the various structures which con- 
stitute a neuron, is built of cells fused end to end, is sustained 
by considerable evidence. Apfithy, Jlcthe, Itosenhcim and 
Benda, Wynn and otlicr histologists hold tliat the neuro-fibrils 
are differentiated from these neuroblasts or formative cells, 
while the rest of the cell becomes a sponge-like reticulum 
destined to hold the fatty substance (casein-like, to recall a 
former comparison), the myelin. Many embryologists, includ- 
ing Ifcrtwig, Beard and Balfour, besides Ajaithy and Bcthc, con- 
tend that the peripheral nerves are developcul from migrated 
neurohlasts, the end-result being that described by histologists. 
J^hysiology adduces the ‘^avalanchc’^ phenomenon observed by 
Pfluger, {.£}., increase of the intensity of the impulse throughout 
the length of the nerve, and as the segments increase in num- 
ber. Durante^^^ strongly urges this view, and states that it ex- 
plains the presence of normal nerve trunks in embryos in which 
the central nervous system is absent, lliis author also points 
out — the contrilmtion of pathology to the question — that dur- 
ing Wallerian degeneration each segment breaks down as a 
separate entity, and that in peripheral neuritis the lesions may 
bo strictly localized in a single segment. Finally Barker, re- 
ferring to the recent investigations of Capobianco and Frag- 
nito,^^^ Pighini'^® and La Pcgna,^°® writes: “This pluricellular 
or catenary explanation of the origin of the peripheral fibers 
has been extended even to the dendrites and the nerve-cell of 
the central organs, certain Italian investigators especially as- 
serting that the rows of cells fuse inside the central system to 
give rise to them, their nuclei gradually disappearing.^^ 

While all this may be said fiiirly to apply to the formation 
of mycIin-shcaths, the conclusion that the development of the 
axis-cylinder is also a product of the sheath-cells is only infer- 
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La Pegna: Annali di Neuroligla, vol. xxll, 1904. 
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cntial. As stated by Bohm, Davidoff and Huber/®' “the seg- 
mental structure of nerve-fibers would seem to give the impres- 
sion that they arc formed by a number of cells fused end to 
end;” but they refer to their description ol' tlie ganglion cells 
and their processes as showing that “this can be the case only 
so far as the nerve-sheaths are concerned.” All the tCvstimony 
submitted in tliis section as to the circulation of tlie plasma 
(the freedom witli which tetanus toxins ascend to the nerve- 
cell, the end-to-end circulation of mcthylene-bluc, etc.) in the 
axis-cylinder points in the same direelion. Barker recalls “(he 
einhryologic researches of His, which taught that the axis- 
cylinder of a nerve-fiber represents the outgrowth from a single 
nerve-cell” and that ^Hhe studies of (Golgi’s preparations of 
young embryos confirmed in tlie most striking w'ay the opinion 
of His.” He mentions also the recent experiments of II. (J. 
Harrison,'®^ wdiieh conclusively showed that “naked, non- 
nucleated fibers which could be traced as such .111 th(‘ way from 
the spinal cord to the extreme ventral part of the musculature” 
had developed from the anterior horns “in the entire absence 
of sheath cells.” 

As interpreted from my standpoint, these fibers ari», of 
course, plasma channels (the role I have ascribed to them as 
axis-cylinders or neuro-fibrils), and not as Barker calls them 
“motor-nerves,” nor (?vcn as Apathy terms tliem “conductors.” 
in fact, as is well known, and as Stewart says, the nerve-im- 
pidso “passes over the nerve with a measurable V(docity.” Evi- 
dence to the elfect that the axis-cylinder is not a conductor is 
also available in Durante's paper — though this ol)server was not 
aware, of course, of the identity of the fibers as neural capil- 
laries: “A normal nerve,” writes this clinician, “is endowed 
with two essential physiological properl ies, ronductihilily (the 
property of transmitting the nerve-impulscO and exrilability 
(that of transforming exogenous vibrations into vibrations capa- 
ble of being transmitted along nervc-palhs). In the course of 
regeneration, fift(*en or twenty days aft(*r section and immediaio 
suture of a motor trunk, the voluntary movements recur, al- 
though electric excitation of the peripheral end gives no result 

nohm. Davldhoff and Iliiber: “T. B. of lliatoloBy,” p. 100, I90r,. 

R. O. Harrison: Sitzungsber. d. Niedprrheln GeseUsch. Nat. u. Hellk., 

1904. 



926 ADRENAL PRINCIPLE AS DYNAMIC VITAL ELEMENT. 


(Duchenne). Then, indirect currents applied upon the central 
end [the sutured stump] provoke contractions, while no result 
is obtained by exciting the scar or the peripheral end (Erb). 
The peripheral end is thus a conductor before being excitable. 
At this stage, as Howell and Hubert, Weiss, etc., have been able 
to observe, this peripheral end is still composed of imperfectly 
differentiated embryonic protoplasmic tubes. These and other 
facts tend to show that the protoplasm of neurohlasts, even when 
undifferentiated, can alone transmit, at least partly, nervous im- 
pulses, and this in ike absence of the axis-cylinder which has 
been considered as the conductor par excellence.” 

This evidence, backed by all the data previously adduced, 
speaks for itself. Referring to the function of the myelin- 
sheath, Howell^*^® states (1905) that “nothing that is certain 
can be said upon this point.” In the first volume'®* I pointed 
out that it did not act as a mere insulating material as now be- 
lieved, this role being probably fulfilled by. the keratin neuril- 
emma, and that it — the myelin, or white substance of Schwann 
— was the active agency in the elaboration of the nerve-ira- 
pulse. We now sec that the true nervous matter is the product 
of a chain of neuroblasts which, at a given time, surrounds the 
axis-cylinder, forming the so-called myelin-sheath, and that it 
is this structure which, in the absence of the axis-cylinder, 
transmits nerve-impulses. The “avalanche” phenomenon af- 
fording proof that the latter increase in activity with the length 
of a nerve, it is plain'that each iieuroblast must contribute nerve 
energy to the sum total produced. The neuroblast being a seg- 
ment of the myelin, it follows that I did not err four years ago 
in considering the latter as the source of the nerve-impulse. 

The identity of the nerve-cells composing a ncuraxon or 
nerve now suggests itself. The so-called myelin-sheath is sub- 
divided, as is well known, at intervals varying from 80 to 900 /t 
by constrictions, the nodes of Ranvier, through which the axis- 
cylinder passes. Each segment thus formed is a cell supplied, 
like all other cells, with a nucleus. This, in the light of my 
views, is the only true nerve-eell — the cell-body and its den- 
drites being the sensorium of the whole structure — while the 

’“Howell: Loe. p. 73. 

’“Cy. vol. I, p. B43. 
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neuron assumes the rank of an organ^ just as a sweat-gland is 
an organ. 

Briefly, this evidence has served to show (1) that a neuron 
is not a cell, but an organ composed of many cells; (2) that 
like all other cells of the body, the cells composing a neuron con-- 
tain adrenoxidase, nucleo-proteid, and a trypsin-like ferment; 
(3) that the axis-cylinders are the extension in the nerve of the 
neuro-fibrils which enter the dendrites from above and form a 
meshwork in the cell-body {the main cell of the neuron) and 
around Us nucleus; (4) that the neuro-fibrils, including the 7iel- 
work in the cell-body and the axis-cylinders, are not, as now be- 
lieved, conductors, but capillaries which supply adrenoxidasc- 
laden plasma to the cells of the neuron; (.5) that the myelin is 
not, as now believed, a mere insulating material, hut the scat 
of the metabolic processes to which the formation of the nerve- 
impulse is due. 

Other phases of the question as a whole must be studied be- 
fore the process through which the uervc-iinpuKsc is produced, 
and the nature of the impulse, can itself be analyzed. 

THE GRANULATIONS OF LEUCOCYTES AS LIVING 
SUBSTANCE. 

The sponge, as we have seen, is to a certain extent a 
counterpart of the cell-aggregates which constitute many highly 
differentiated organs, both as to structure and as to the manner 
in which their existence as living organisms is maintained. Its 
channels are traversed, as shown by Robert (irant, in 1820, by 
water currents (propelled by ciliated collar-cells), which enter 
by minute pores and leave by larger apical apertures. As 
stated by Professor Minchin,^*'*® the animal receives in this way 
supply of oxygen for respiration.” If we compare those 
minute afferent pores with the permeable walls of our capil- 
laries and the efferent apertures of the sponge with our lymph- 
vessels, substituting for the water currents our plasma currents 
(which become lymph currents in the lymphatic spaces), con- 
siderable analogy between the irrigating process of the sponge 
and that of our tissues will appear. Just as a sponge is 
city of cells,” with canals coursing between them, so arc our 
tissues ^^cities of cells” with canals, our intercellular spaces, the 

“•Mlnchln: Ray Lankester’s “Treatise on Zoology,'* Pt. 11, 1900. 
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lymph-streams, simply replacing the sea-water streams. In- 
deed, LoiscP^® has compared the mesogloca of sponges to lymph. 
This striking analogy applies even to the porous walls in which 
the colonies arc encased, since our tissue-cells are likewise en- 
closed in porous connective tissue. A group of sponge-cells may 
thus be said to exemplify the tissue-cells in one of our lymph 
spaces. Finally, the excurrent canals, as the analogues of the 
lymphatic capillaries, serve similarly as a drainage system for 
these cavities. ‘^By the outgoing current,” writes Minchin,'*’*^ 
referring to sponges in general, ‘The waste products of metab- 
olism arc removed from the body.” 

The manner in which the tissue-cells of these lowly animals 
are nourished corresponds also — in the light of my views — 
with that of our own tissues, FicdleFs “Niihrzellen,” i.e., nour- 
ishing-cells or trophocytes, being, as their name indicates, recog- 
nized by naturalists as food-bearers, while their granules find 
their counterpart in “excessively minute” cells referred to by 
Minchin, which “often occur in nests as if they had originated 
from the breaking up of larger cells,” i.e,, the wandering cells 
or leucocytes. That these cells can supply their granulations as 
nutritive particles, is also rendered evident by the observations 
of zoologists. Minchin, referring to the researches of 
lyiaas,'*^® writes: “In Spongilla each ovum becomes surrounded 
by a follicle formed of the parenchyma, amongst which a cer- 
tain number of trophocytes work their way. The trophocytes 
arc concerned with the nulrntion of the ovum. . . . l^he nu- 
triment received from the trophocytes being worked up into 'yoTh 
granules We will see presently that the nutrition is but a 
prototype of the mode of nutrition of all cells. 

The role of these tro])hocytes exem])lifies the general func- 
tion carried on by leucocytes in the nutrition of cellular ele- 
ments in the higher organisms, as I interpret it, the parenchy- 
matous follicles representing a “city of cells” in our lymph spaces. 
The conversion of the nutriment into yolk granules is ascribed 
by Maas, however, to an intrinsic process in the recipient, i.e., 
the ovum; but as we have seen, there is ample evidence to show 
that the leucocytes themselves convert food-stuffs into assimil- 

^“LolBel: Jour, de I'Anat. et dc la Physiol., vol. xxxlv, pp. 1-187, 1898.' 

*®’Mlnchln: Loc. cit. 

^“Mlnchlii: Loc. cit. p. 61. 

^i^Maas: Anat. Anzelger, Dd. xvl, Nu. 12, S. 290. 1899. 
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able end-products, their granulations. Again, I have referred 
to these cells as ^^tissue-builders;” even this cardinal function 
is exemplified by their role in the sponge.' Professor Minehin, 
for example, states that ‘^archseocytes,” the name given to these 
wandering cells when they assume the role of germ-cells, ^‘are 
capable of giving rise again as sexual cells, to the ivliole organism, 
or, in the gemmules, to any form of tissue.” 

The function that leucocytes can fulfill in iliis connection, 
i,e., as tissue-builders and germ-cells, is of far-reacliing im- 
portance. It affords (1) a clue to the manner in which the 
leucocyte granulations penetrate tissue-cells to carry on their 
functions therein, and (2) proof that they — the leucocyte 
granulations — are living organisms in the sense that spernui- 
tozoa arc living cells. 

A spermatozoon, in fact, differs but little from a leucocyte 
granulation. ^^The head of the spermatozoon represents the 
nucleus,” writes Howell,'"® ‘^and contains the valuable chro- 
matin material.” We have seen that the ])hosphorus-laden 
nuclein is the active agent of the granulations. I'he same 
physiologist says:^"^ ^‘These heads consist entirely of nuclear 
material.” . . . ^^Miescher, in investigations u})on the sperma- 
tozoa of salmon, discovered that the heads are composed essen- 
tially ot an organic combination of phosphoric acid, since 
designated as nucleic a(?id, united with a basic albuminous body, 
protamin. This view has been confirmed and extended by later 
observers, especially Kossel and his pupils.”'"® Inasmuch 
as protamin is a proteid, the head of a spermatozoon may be 
said to be composed, like a leucocyte granulation, of nucleo- 
proteid. Again, as likewise shown by Kossel, the quantity of 
alloxuric bases is considerable only in blood rich in leucocytes. 
^Tn such blood,” says Hammarsten,^"’* “Kossel found l.Ol per 
mille nuclein bases against only traces in the normal blood.” 
Now, Howell, alluding to the nucleic acid in the spermatozoa of 
the salmon, states that “on decomposition by hydrolysis it 
yields at first some of the purin bases (adenin, guanin) . . ” 
etc. Even the minuteness of the leucocyte granulation is a 
known characteristic of the head of the spermatozoon. 

Howell: Loc. cit, p. SCO. 

Howell: Loc. cit, p. 862. 

*®'‘* Durian: Ergebnisse dor Physiol., Bd. Ill, Hft. 1, 1904. 

^®® Hammarsten: Loc. cit., p. 131. 
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This analogy between the head of the spermatazoon and 
the leucocytic granulation as to their biochemistry is certainly 
striking. It extends also to the motility of the organisms. As 
observed by Stokes and Wegefarth, Sangree, Gulland, Bail and 
Leo Loeb/®^ the granulations actually leave the leucocyte and 
show considerable agitation. Sangree'®® saw fifty or sixty 
granulations leave a leucocyte at a time, with considerable velo- 
city; some moving away oscillating while others in masses 
^Vould move in one direction, wave tliis way and that, and 
finally return to the central body” — the cell. 

Stokes and Wegefarth write to illustrate their motility of 
these granulations, when exposed to a temperature approximating 
that of the body: "At times the granular leucocytes become 
actively amcoboid, and the granules within the neutrophile 
exhibit a characteristic activity which might be compared to the 
swarming of bees around a hive. The number of fine granules 
free in the plasma is perceptibly increased. The eosinophilic 
granulations also show a less vigorous tremulous motion, and 
both varieties follow the changes in the direction of the pseudo- 
podia, the protoplasm being thrown out first, and the granules 
following. The characteristic dancing motion of the granules in 
the neutrophilic leucocyte can be brought out very plainly by 
simply mixing the drop of blood with an equal amount of dis- 
tilled water containing 1 per cent, of alcohol. The granules 
l)ocome very active and present a characteristic picture.” 

The granulations of leucocytes are thus similar to sperma- 
tozoa in chemical composition, staining properties; like these 
organisms they are motile — the motions in both being vibratile — 
and they are capable of becoming chromosomes in the process 
of reproduction. They are practically tailless spermatozoa 
such as those of myriapods, and when "they work their way” 
into the tissues, and enter cells in aggregated masses (.as in the 
cell-body of neurons), recall the sperm a toph ores of certain uro- 
deles. llie penetration of the granulations into tissue-cells 
thus becomes a normal feature of the process of nutrition; they 
enter the cell as a spermatozoon enters an ovum. Tn my 
opinion Aucrbach^s "terminal buttons” are naught else than 
such granulations, as shown in the annexed plate. 

this vol., p. 887. 

Sangree: Medical Bulletin, Jan., 1898. 
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That they are living bodies is auotlier couelusioii imposed 
by their correspondence with spermatozoa, which are Iheiiiselves 
regarded as living cells. Landois/““ for example, writes that 
‘‘the spermatozoa of the frog may be frozen four times succes- 
sively without injury; they endure a heat of 13.70° C. and con- 
tinue to live for seventy days in the testicle transplanted to the 
abdominal cavity of another frog.” Now, we Jiave seem that the 
head of the speriiiatozodn contains chromatin and also that all 
cells show among the granules in their ])rot(>plasm some that 
correspond in their staining properties and chemii^al coin])osi- 
tioii with those of leucocyte granulations. 

If, however, tliese granulations are living structures, the 
cellular chromatic granules should also be endowed with life. 
Ilcnle (1H41), and subsequently Beehamp and l]stor, Maggi and 
Altmann held that ''microsomes are actually organic units or 
bioblasts capable of assimilation, growth and division, and hence 
to be regarded as elementary units of structure standing be- 
tween the cell and the ultimate molecules of living matter."*^ 
Altmann^s coiiception,^”^ the most comprehensive, was that a 
cell was a colony of such elementary granules or “bioblasts” 
capable of leading an independent existence. Bacteria, for in- 
stance, were considered as “bioblasts;” so were waste-|)roducts, 
oil-droplets, and many other heterogeneous substances. Such a 
widespread application of the theory caused it naturally to be 
received with great skepticism, and practically to be set aside 
wdien bacteria were found to bo cells. As shown below, how- 
ever, there is good ground for l!ie view that the microsomes of a 
cell are living entities. Indeed, it is possible also that leucocyte 
granulations may prove to be cells in keeping with sperma- 
tozoa. Minchin, for example, refers to the granules derived 
from the trophocytes of sponges as “excessively minute cells” 
having “a nucleus and a clear cytoplasm.” Muller^*'" also 
alludes to markedly active granules found in lymph “enclosed 
in an albuminoid covering.” 

Many other investigators, as previously stated, have based 
comprehensive theories on the presence in al! cells of living 

Landois; “T. B. of Human Physiology,** Amor, edition, p. 945, 1905. 

“^Wilson: Loo. cit., p. 21. 

Altmann: Archly f. Anat. u. Physiol., Physiol. Abth., S. 524, 1S89. 

Milller: cited by Berdal, ‘'Histologic normalo,” Paris, 1894. 
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or viable units. The “physiological units’^ of Herbert Spencer, 
to which this great philosopher ascribed the phenomena of 
regeneration, development and lieredity, Weismann’s “bio- 
phores,” Ik'ale's “bioblasts," Verworn’s “biogens," and the vari- 
ous hypothetical units of cellular organization and function in- 
troduced in the writings of Darwin, dc Vries, Haeckel, Foster 
and other authorities, certainly point to the need of such ele- 
mentary bodies to account for vital phenomena. Indeed, Ver- 
worn refers”® to his “biogens" as “the real bearers of life," 
hence to living units. 

Again, Wilson, after reviewing some of the foregoing evi- 
dence, and referring to cells in general, writes: “Many of the 
granules, especially the larger and more obvious of them, are 
unquestionably inert bodies, such as reserve food-matters, sus- 
pended in the meshwork. Others are the nodes of the network 
or optical sections of the threads. But there is some reason 
to believe that, apart from these appearances, discrete living 
particles may form a constant and essential feature of the pro- 
toplasmic thread. These particles, now generally known as 
microsomes (Hanstein, ^82), are embedded in threads of the net- 
work." The latter docs not alone embody the living constitu- 
ents of the cell, for he says, elsewhere,”^ after reviewing the 
labors of Van Beneden, llcidenhain, Beinke and Sehloter: 
“When all these facts are placed in connection, we find it diffi- 
cult to escape the conclusion that no definite line can be drawn 
between the cytoplasmic rnicrosomes at one extreme and the 
chromatin granules at the other. And inasmuch as the latter 
are certainly capable of growth and division, we cannot deny 
the possibility that the former may have like powers." 

This conclusion harmonizes with my own reached from a 
different direction, both as to the functional relationship of the 
nutritional leucocyte with the tissue-cell, and as to the kinship 
of its granulations with the biochemical structure of the sperma- 
tozoon and its role in reproduction. Just as the germ-cell is 
a living unit, so is the chromatin granule or rnicrosome a living 
unit, and the leucocyte granulation, being naught else than a 
chromatin granule when transferred to the tissue-cell, is like- 


Verworn: Loc. Ht., p. 484. 
Wilson: Loc. cit., p. 223. 



ADRENAL PRINCIPLE AS DYNAMIC ELEMENT OF LIFE. 


933 


wise, therefore, a living unit. So close a kinship between the 
spermatozoon and the leucocyte granulation appears anomalous; 
but we must not overlook the fact that, interpreted from my 
standpoint, the granulation perpetuates, as nutritional sub- 
stance, what the spermatozoon initiates, Le., the life process. 

This evidence appears to me to warrant the following con- 
clusions: (1) ihat the granulalions of leucocyles are living 
units which perpetuate in the organism what the spermatozoa 
initiate in the ova, viz., the vital process, the cellular develop- 
ment; (2) that when leucocytes migrate from the blood to the 
tissue-cells in the lymph spaces, the granulations they secrele 
therein penetrate into the cells as spermatozoa penetrate into the 
ova; and (3) that the granulations of nutritional leucocytes be- 
come the nucleo-proteid chromatin granules or microsomes of 
tissue-cells. 

TIIK ACTIVE PRINCIPLE OF ADRENOXIDASE AS THE 
DYNAMIC ELEMENT OF LIFE. 

The leucocytes, as we have seen, supply granulations to the 
tissue-cells and constitute their chromatin granules. An im- 
portant discrimination becomes necessary in this connection, 
however. Wilson, referring to the investigations of lleidon- 
hain, confirmed by llcinke and Schloter, states that ^‘the nuclear 
network contains granules of two kinds, differing in their stain- 
ing capacity. The first are &«Mchromatin granules, which stain 
with true nuclear dyes (basic anilines) and are idenfical with 
the ^chromatin granules’ of other authors. The second are the 
o.rjfyehroinatin granules of the linin network, which stain with 
plasma stains (acid anilines, etc.), and arc closely similar to 
those of the cytoreticulum” or network. The first are evidently 
the nucleo-proteid granules derived from leucocytes, since Heid- 
enhain found, in accord with other physiological chemists, that 
“basichromatin is a substance rich in phosphorus (i.c., nucleic 
acid).” The identity of oxychromatin is as self-evident, but its 
importance in the vital process is so great ihat I will submit, 
along with the data which indicate the role of oxychromatin, 
testimony to the effect that this substance is adrcnoxidasc. 

Huxley’s definition of life: universal disintegration 

and waste of oxidation, and its concomitant reintegration by the 
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intussusception of new matter/^ depicts the sequence of events 
in cellular metabolism. This conception involves first of all 
the breaking down of worn, though still living substance, and 
its replacement by materials derived from the exterior, but evi- 
dently capable only of acquiring life. As Spencer says: “No 
■ separate molecule of proteid possesses vitality 

The manner in which the first part of the process, the dis- 
integration of living matter, is brought about, is suggested in 
the following lines by Chittenden: “Chemical study has shown 
that nucleo-proteids, by simple hydrolysis with mineral acids in 
a flask, can be broken down in some form of proteid, phosphoric 
acid and one or more purin bases, such as adenin, guanin, 
xanthin and hypoxanthin .... Too much stress cannot be laid 
upon the easy convertibility of the free purin bases, adenin, 
guanin, hypoxanthin and xanthin into uric acid by virtue of 
the action of the intracellular enzymes present in so many of the 
organs and tissues.^^ This undoubtedly applies to chromatin dis- 
integration, for, as stated by Halliburton,'^^ Hoppe-Seyler 
found that the true nucleins, those found in the ceU nuclei, 
yield “proteid xanthin and alloxuric bases” and “phosphoric 
acid,” and that the nuclei “richest in nucleic acid occur in 
the chromatic fibers of the nucleus.” 

In the light of these facts it is evident that “disintegra- 
tion and waste by oxidation/^ as expressed by Huxley, no longer 
represents the process through which the living portion of the 
cell is destroyed, according to the more advanced teachings of 
physiological chemistry. Indeed, as we have seen in the pre- 
ceding chapters,'^® catabolism is not attended by cellular com- 
bustion, but by hydrolytic cleavage. 

Again, Gautier,"^ who pointed out as far back as 1881, 
that cellular metabolism occurred without the direct participa- 
tion of oxygen, as in the case of anaerobic bacteria, also at- 
tributed the disintegration of the living substance to hydrolytic 
cleavage. He writes, however, referring to the cell: “It is 
at the expense of its products that the phenomena that furnish 
the animal the major part of its heat and energy occur.” As 
interpreted from my standpoint, it is not at the expense of its 

Halllburtou: Schafer's *‘T. B. of Physiol.,'* vol. 1, p. 66, 1898. 

Cf. this vol., chapters xiil and xlv. 

Gautier: “La cellule vlvante,” Paris, 1881. 
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products that this hulk of heat energy is liberated. Indeed, the 
prevailing doctrine does not enlighten us as to the manner in 
which this energy is produced. “If heat is indispensable to liv- 
ing beings,” says Morat, of Lyons,'’® “if the animal has framed, 
as it were, all its evolutional development so as to regulate 
it at a fixed and invariable rate; if it spends combustible ma- 
terials in such quantities to uphold it to a certain level when 
there is no danger of losing it; and if it wastes and rids itself 
of it so actively when threatened with an excess of it, heat must 
be endowed with some role of the very first order and absolutely 
general in its bearing upon the clemerhtary reactions which sus- 
tain life, while giving the latter its maximal activity and value. 
It is this role that we cannot discern, not even properly define. 
We are reduced to the realization that such a degree of heat 
is useful; that another is bearable and that another is harm- 
ful, but we cannot give the reasons for this.” 

Still, Morat touches the keynote of the true process — in 
the light of my views — when he adds: ‘^It seems, however, 
that we can connect this factor with the conception, still so 
vague, of fermentation. Fermentation is the paramount chemi- 
cal process of the living being; fermentation characterizes life; 
Life is a fermentation T* It is not to hydrolytic cleavage, due 
to the action of trypsin, however, that Professor Morat refers. 
After defining the properties of catalytic agents, he writes: 
“The ferment is thus endowed with the most general character- 
istic of living beings: it modifies its environment in a specific 
way without disappearing itself, that is to say, while preserving 
itself.” The final purpose of this catalytic ferment in the vital 
process is then brought forth in the sentence: “In doing so, 
it awakens thermogenic reactions.” 

Yet, how does a catalytic ferment awaken these heat-pro- 
ducing reactions? Obscurity recurs in this connection. The 
author ascribes the intracellular process to the fact that 
agent is capable of converting some such commonplace energy ns 
heat into modalities of energy commensurate with the reaction 
to be obtained.^ This is the characteristic efPcct of the fer- 
ment, but the main feature of the problem is left unsolved. 

•The italics are Prof. Morat's own. 

Morat: Morat and Doyon, "TralW do Physiologic,*' Paris, 1899. 
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Indeed, Morat states that ^‘this enlightens ns in no way upon 
the intimate mechanism of its action.^^ 

The identity of the agent that is capable of carrying on 
these functions suggests itself in the light of all the evidence 
I have submitted, namely, adrenoxidase. We have seen: (1) 
that its active principle, that of adrenal secretion, is not only a 
ferment, but tlie “ferment of ferments” and, therefore, a com- 
ponent of all cells; (2) that it acts as a catalytic agent or “oxy- 
gen transmitter” in all animals provided with adrenals, and that 
its analogue in animals which arc not known to possess such 
organs, and in plants likewise, acts as a catalytic, and finally, 
(3) that it acts as a thermogenic agent when its loose oxygen 
is brought into contact with the phosphorus of nucleo-protcid 
granules. 

Adrenoxidase thus meets all the conditions expressed by 
the word “fermentation” as Morat — voicing the trend of modern 
research — interj)rets it. It follows, therefore, that since, as he 
says, “Life is a fermentation,” adrenoxidase is the dynamic 
agent in the vital i)rocess. 

What function docs adrenoxidase fulfill in the coll? 

Pfeifer’^" writes: “Various post-mortem oxidations may 
occur after death, as for example when the sap of Monotropa, 
Vida faha, etc., turns brown. These appear to be produced by 
the action of certain substances to wliich the jirovisional name 
of oxydases may be given.” Gautier, alluding to this sap, 
states that “it is always add, while the protoplasmic portion 
is always slightly alkaline.” He also says that it contains, be- 
sides acids, various “products of the cell,” including, among 
other substances, pigments, extractives, sugars, fats, and alka- 
loids, which “the protoplasmic pockets,” ix-, the vacuoles, “could 
be seen in certain instances” to eliminate. Now, the animal 
cell is similarly supplied with excretory channels. Bohm, 
Davidoff and ITubcr state, for example, that among the 
various structures that protoplasm contains “the vacuoles de- 
serve special mention. They arc more or less sharply defined 
cavities filled with finid,” add these histologists, “and vary con- 
siderably in number and size. I'he fluids that they contain 

Pfeffer: “Physiology of Plants,’* vol. I, p. 546, 1900. 

Gautier: Lov. fit., p. 17. 

Bohm, Davidoff and Huber: Loc. rif., p. 61, 1905. 
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differ somewhat, but are always secreted by the protoplasm, and 
are, as a rule, finally emptied out of the cell/’ Jt is plain that 
the products thus eliminated are wastes — the identical wastes 
or decomposition products which, we liave seen, it is one of the 
functions of the lymph to sweep away. In fact, the llnid se- 
creted by the cell evidently corresponds witli lympli, since no 
fluid other than this is derived from cellular olemenls. Again, 
the presence of oxidase in the lymph of plants alfords additional 
proof that we are dealing with lymph, since we know that our 
tissue-cells are bathed in blood-plasma, whicli invariably, wo 
have seen, contains adrenoxidase, derived from the adjoining 
capillaries. 

An important feature of the question in point assorts itself 
in this connection: ^‘The plasma of the blood,” writes 
JTowell,”® ‘‘makes its way through the thin walls of the capil- 
laries, and is thus brought into immediate conlacl with tlio tis- 
sues, to which it brings .... oxygen of the blood and from 
which it removes the waste products of metabolism.” In other 
words, according to the present (1905) teachings, it is I lie oxy- 
gen of the plasma that is supplied to the tissue-cells, and the 
plasma itself, which has become lyrnpli, merely “bathes” the 
exterior of the cells, sweeping off the wastes it eliminates. As 
stated by Landois,’^^ however, “It can be conceived that, 
through contraction and diminution in size of tlicir c(*ll bodies 
. . . . they [the cells] might exert suction upon tlie blond- 
iflasma transuded. If the cells, tlieniselves, then take up the 
transuded fluid, the conceplion is permissible, further. Unit by 
subsequent contraction they express this fluid in a cerlain di- 
rection, namely, from secretory space to secretory space, to- 
ward the lymph-capillaries.” 

This suggestion harmonizes perfectly with the faids em- 
bodied in the preceding paragraph. Indeed, the data I have 
submitted in the foregoing pages indicate (1) that it is not 
around the tissue-cells that the blood-plasma passes, but ihrough 
these cells, and (2) that they do not absorb oxygen from the 
plasma, but that the intrinsic cellular process involves the ac- 

Howell: hoc. cit, p. 427. 

““Landola: Loc. oft, p. 362. 
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live participation of the adrenoxidase which passes through the 
cells with the plasma. 

This accounts for the fact that oxidase is present in the 
fluid eliminated by way of the vacuoles, the cellular emunc- 
tories, and for the observation of Abelous and BiarnSs^®^ that 
tissues are even richer in oxidase than the blood itself. Lillie^®^ 
found, moreover, that animal cells were endowed with oxidiz- 
ing properties and that lymphocytes and leucocytes contained 
oxidase. Again, if, as I have pointed out, axis-cylinders and 
neuro-fibrils contain this substance — adrenoxidase — and that it 
is on this account that they take mcthylene-bluc, the ground- 
substance or cytoplasm of cells should also take this stain. 
Gulland,^®® in an illustrated study of the granular leucocytes, 
shows several methylene-blue stained cells, in which the cyto- 
plasm, along with other structures to be described presently, 
took the stain. It is evident, therefore, that the cells absorb 
the adrenoxidasc-laden plasma as it enters the lymph-spaccs, 
and that they eliminate it — probably by contracting periodic- 
ally — with all wastes, by way of their vacuoles. 

The framework of the cell, the cytoreliculum, was called 
by Lcydig its ^^spongioplasm,^^ so greatly did it recall that of 
the sponge. Hefcrring to this structure, Wilson^®* states that 
^^it is composed of irregular rows of distinct granules which 
stain intensely blue with hrematoxylin, while the substance in 
which they arc imbedded, left unstained by hoematoxylin, is 
colored by red acid aniline dyes, such as Congo red or acid 
fiichsin.” Elsewhere, in describing a diagram^®® of a cell, he 
says that ^‘its basis consists of a thread-work (mitome or reti- 
culum) composed of minute granules (microsomes) and travers- 
ing a transparent ground-substance.” Again, recalling the 
researches of Van Beneden and his own, he writes: "It is cer- 
tain that the microsomes are not merely nodes of the network, 
or optical sections of the thread, as the earlier authors main- 
tained.” 

What is the nature of these microsomes ? 


Abelous and Blarnds: Loc. cit. 

Lillie: Amer. Jour, of Physiol., vol. vll, p. 412, 1902. 
^Oulland: Jour, of Physiol., vol. xlx, p. 27, 1895-96. 
Wilson: Loc, cit., p. 213. 
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The network of the nucleus contains, as previously stated, 
basichromatin granules and oxychromatin granules. Again, 
Wilson refers to the latter as “closely similar to tliose of ilie 
cytoreticuluni” or cellular network in their staining properties. 
As basichromatin granules were found by lleideuliain and 
others to be rich in phosphorus, those of nuclear network are 
doubtless composed of nuclein or nucleo-proteid. The nuclear 
network which corresponds tinctorially with the network of the 
ground-substance or eytoreticulum, therefore, is that composed 
of oxychromatin granules. Having now seen that the plasma 
passes through the cells and that oxidase is present in the Iluid 
eliminated by the cell, there is good ground for the belief that 
the oxychromatin granules are in reality composed of adren- 
oxidase. That such is the case is wshown by the fact that both 
substances correspond in their staining properties. Thus, in 
the leucocytes stained with inethylene-bluc by Gulland, the cyto- 
reticuluni took the stain as well as the cytoplasm, but more in- 
tensely. This shows that adrenoxidasc is present in both 
structures though in a more condensed form in the network. 
Again, Wilson states that the oa;ychroinatin network stains 
with “plasma stains (acid anilines, etc.),'^ and refers to the fact 
that the Biondi-Ehrlieh mixture of acid fuclisin and mei-hyl- 
green stains the cytophism of leucocytes red. Now, lieiden- 
hain showed that the oxychromatin granules are also stained 
red by this mixture. Thus, the cytoplasm and the cytorcticu- 
lum correspond in their reaction to this stain as they did to 
methylene-blue. Gulland’s plates show the same correspond- 
ence with the Biondi-Ehrlieh mixture. This is further sus- 
tained by the fact that the nucleo-proteid chrojnatin is stained 
green by this mixture. Thus Wilson says that the green sul)- 
stance is the “chromatin of Flemming,” tlie basi(;hromatin, 
which, as stated above, is rich in pliosplionis. It is evident, 
therefore, that just as the substance m the axis-cylinders of 
nerves is adrenoxidase (a fact controlled by the circulation of 
tetanotoxin-laden plasma in them), so is the eytoreticulum or 
spongioplasm of cells composed of adrenoxidase. 

The far-reaching meaning of this conclusion asserts itself 
in view of the fact that it is a living portion of the cell. “Since 
I saw the reticulum in continuous movement during the life of 
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a proloplasmic lump/^ says Heitzniann,^**^ referring to obser- 
vations made by him in 1873, on the leucocyte of the newt, ‘‘my 
conclusion was that the reticulum is made up of the living or 
contractile matter proper; whereas the meshes contained a 
liquid, destitute as such of properties of life, lilling the meshes 
of the sponge-like structure, and permitting the contraction of 
the solid portion — i.e., the living matter.^^ More recently, Wil- 
son also wrote,’ alluding to the “sponge-like network,” “At 
the present time it seems probable that the more solid por- 
tion is the more active and is perhaps to be identified as the 
living substance proper^ the ground-substance [the cytoplasm] 
being passive.” The role I attribute to adrenoxidase, viz,, that 
it is “the dynamic agent in the vital process,” harmonizes clearly 
with this view, especially when we consider that it is probably 
in its original form that it occurs in the network. 

That the “granules” described are formed only after death 
of the cell, and owing to the methods of fixation employed, is 
probable, however. We have seen that in its original stale — as 
the albuminous portion of oxyhaunoglobin — adrenoxidase leaves 
the red corpuscles in tlie form of droplets, the so-called “blood- 
platelets” or “luernatoblasts.” Indeed, Tiowit”^'^ found blood- 
platelets “within capillary blood-vessels just removed from 
animals, and in which tlic blood was still Ihiid,” though none 
could be discovered in the circulating blood. These vessels 
being the vt?ry ones that supply plasma to the lymph spaces, 
the adrenoxidase droplets reach the cells almost at once after 
traversing the capillary walls.* 

In the preceding section, I pointed out that the granula- 
tions of leucocytes were living substance and that they entered 
the cells as spermatozoa penetrate ova. We have now seen that 
adrenoxidase is the dynamic agent in the vital process. It is 

• The semifluid nature of adrenoxidase suggests that the network or cytl- 
culum Is made up of delicate eapillaries. or minute tubes or canals such as axis- 
cylinders are thought to he by Schafer and others. In the first volume^®® I sub- 
mitted reasons which had led me to conclude, referring to leucocytes, that “the 
Intracellular and intranuclear network of fibers in mature leucocytes are canali- 
culi for blood-plasma and for the substances contained in this fluid,” and to com- 
pare them to ncuro-flbrlls. As the conclusions of the first volume were intended 
as suggestions, while the second volume contains only what appears to me fully 
sustained by available evidence, I will adhere for the time being to the prevail- 
ing view that the network is made up only of granular threads, i.e., strings of 
granules In close apposition.— S. 

Heltzmann: Jour, of the N. Y. Micros. Soc., July, p. 66, 1893. 

Wilson: hoc. eit., p. 17. 

Ldwlt: Archiv f. exp. Path. u. Pbarm., Bd. xxlv, S. 188, 1887. 

0/. vol. 1. p. 668. 



ADRENAL PRINCIPLE AS DYNAMIC ELEMENT OF LIFE. 041 


therefore owing to the presence of adreiio.xidasc in the leuco- 
cytes^**^ that the nucleo-proteid granulations become living en- 
tities. We also find adrenoxidasc forming a delicate and close 
network througliout the cell — a network recognized as the living 
portion of the cell. 

On the whole, the evidence submitted appears to mo to war- 
rant the following conclusions: (1) that 'adrcnoxUltm*, owimj 
to its ability to act simultaneously: as a catalytic, as oxidiziny 
body, and as the ferment of all ferments, is a dynamic agent in the 
vital process; (2) that the nucleo-proteid granules are evolved 
as living iinits by the digestive leucocytes because these cells 
contain adrenoxidasc; (3) that the blood-plasma does not, as 
now believed, on penetrating the lymph-spaces circumvent the 
tissue-cells and yield its oxygen to them; (1) that the blood- 
plasma oil entering the lymph-spaces at oiice enters the cells and 
thus supplies them directly with adrenoxidase ; (5) that the 

*'oxy chromatin' networlc of the nucleus and of the cytoplasm or 
ground-subslance, are both composed of adrenoxidasc; and ((i) 
that these networlcs are the living portion of the cell. 

What is the functional relationship between adrenoxidase 
forming tbe cellular networks and the nucleo-proteid granules of 
the cytoplasm? 

TIIK ACTIV-E PRINCIPLE OF ADRENOXIDASE AS THE 
DYNAMIC ELEMENT OF LIFE (ton tinned). 

An important constituent of the cell has so far received 
but little attention. 1 have reiicatedly referred to the fuiie- 
tion of the uuelco-proieid, but only to that of ils pliosphorus- 
laden constituent, tbe nuclein. Its proteid moiety plays, none 
the less, a prominent role in the vital process; indited, when tlu; 
granulations of leucocytes were referred to as living entities in 
a preceding section, a more detailed analysis of tbe question — 
inappropriate at the time — would have pointed to this moiety 
as a living substance. 1'hus, Verworn'**^ says that “it is the 
protoids whoso presence constitutes tbe general essential condi- 
tion and focus of lifc.^’ This estimate is fully sustained when 
the vital process is interpreted from my standpoint, since the 

Cf. this vol., p. 894. 
i»2Verworn; Loc. cit., p. 480, 
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functions 1 have attributed to nuclein and adrenoxidase had all 
the same general trend, viz,, to convert the dead proteid mole- 
cule received as food, into living proteid; to maintain its life 
as long as it was useful to the cell; to break it down when worn 
and convert it into eliminable waste-products. In brief, the 
proteid molecule is that acted upon in all phases of the vital 
cycle and essentially, therefore, the focus of vital activity.* 

The supply of proteid corresponds quantitatively, of 
course, with that of the nucleo-protcid granules. There is a 
suggestive contrast, however, between the nucleus and the rest 
of the cell, “the former,^’ as stated by Wilson,^**” being charac- 
terized by an abundance of nuclein, while the cell-body “is 
especially rich in proteids and related substances (nucleo-albu- 
mins, albumins, globulins and others).” The predilection of the 
nucleus for a substance “rich in phosphorus” such as nuclein is 
accounted for by the nature of its function. As pointed out by 
Claude Bernard, it is “an apparatus for organic synthesis, an 
instrument calculated to produce, and is the germ of the cell.” 
It receives materials, therefore, and adjusts their components 
to the needs of the latter. 

The evidence so far adduced provides only for a promiscu- 
ous distribution to the cell in general of leucocyte granulations 
and adrenoxidase. How does the nucleus acquire its surplus 
of nuclein? 

That nuclei are mobile in the cell-body has been noted by 
various investigators. Korschelt observed, moreover, that 
“there is a definite correlation, on the one hand, between the 
position of the nucleus and the source of food supply, on the 
other hand between the size of the nucleus and the extent of 
its surface and the elaboration of material by the cell,” mean- 
ing by the latter its secretory activity. He gives as examples 


* The meaning of “proteid,” in the light of my views, is that usually at- 
tributed to the common proteids, f.e., those that contain carbon, hydrogen, 
nitrogen, oxygen and sulphur. Although globulins are classed among proteids, 
because they give some of the reactions peculiar to the latter, their function 
differs totally from that of common proteid in the cell, including as they do 
adrenoxidase. Even more confusing, from my standpoint. Is to Include nucleo- 
proteld among the proteids, since its nuclein, as do its proteid and adrenoxidase, 
fulfills an autonomous rdle. The fact also that plasmatic albumins do not. as 
now believed, supply nutrient materials to the cellS'-'S rOle that I attribute en- 
tirely to leucocyte granulations— also Imposes the need of a new classification 
of proteids. since the plasmatic proteids— fibrinogen, for Instance — apart from 
the globulins, are concerned only with the blood's intrinsic functions, coagula- 
tion, the maintenance of its own heat, etc. — S. 

iw Wilson: Loc. cit, p. 17. 
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the silk-glands of various lepidopterous larva? (Meckel, Zaddach, 
etc.). ^‘Here,” writes Wilson,^®* who cites Jvorschelt, ‘'the nu- 
cleus forms a labyrinthine network by which its surface is 
brought to a maximum, pointing to an active exchange of ma- 
terial between nucleus and cytoplasm” Again, “in many of the 
insects,” examples of which are given, “the egg-nucleus at first 
occupies a central position, but as the egg begins to grow, it 
moves to the periphery on the side turned toward the nutritive 
cell.” By the latter is meant the “niirsc-ccH” which accompa- 
nies developing ova in various insects, including certain butter- 
flies, wonns, ear-wigs, etc. The nutriment is evidently trans- 
ferred from the nutritive cell to that nourished, and in the 
form of granules. Thus, Wilson writes, referring to the eggs 
of the water-beetle Dyslicus, in which Korsclielt was able to 
observe the movements and changes of form in the living ob- 
ject: “The eggs here lie in a single series alternating with 
chambers of nutritive cells. The latter contain granules which 
are believed by Korschelt to pass into the egg^ perhaps bodily, 
perhaps by dissolving and entering in a liquid form. At all 
events, the egg contains accumulations of similar granules 
which extend inwards in dense masses from the nutritive cells 
to the genninal vesicle, which they may more or less com- 
pletely surround.” .... “The granules could not be traced 
into the nucleus, but the latter grows rapidly during these 
changes, proving,” says Wilson, “that matter must be absorbed 
hy it, probably in liquid form.” 

This affords tangible evidence in several directions, (1) 
that a cell may be nourished by another, and, therefore, that 
leucocytes can serve as nurse-cells — as they do, we have seen, 
in Spongilla; (2) that the food may be transferred in the form 
of granules, some, perhaps, in liquid form; (3) that a nucleus 
is a mobile structure; (4) that it adjusts its position to the 
source of the food supply; (5) that it is able as an autonomous 
body to ingest materials suitable for its own nutrition and 
growth; and (6) that it can transfer materials to the cytoplasm. 

The manner in which the nucleus acquires its abundance 
of nuclein now suggests itself: The nucleus moves wherever 
granules derived from leucocytes arc most prolific, and when 


^Wilson; Iioc. clt., p. 254 . 
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supplied according to its needs, it moves away. Thus, Haber- 
landt^‘'° noted that in plants, growth in any part of a cell was 
always preceded by “a movement of the nucleus to the point 
of growth,’^ and that after the pro(.*ess was terminated “the 
nucleus often moves into another part of the cell.” That gran- 
ules may thus enter the nucleus is shown by the fact that bac- 
teria may be drawn into the nucleus of phagocytes as observed 
by Bail.’”*^ The same mechanism applies to the adrenoxidase, 
Le., the oxychromatin, which, as shown by hlcidcnhain and 
others, is also present in the nucleus. Here, the nucleus has 
merely to move in the part of the cell nearest the capillary 
irom which tlie latter receives its blood-plasma, to receive, if 
its functions require it, an unusual supply of adrenoxidase 
droplets, which, as we have seen, are to be found in the peri- 
cellular capillaries. 

There is evidently a close functional relationship between 
the nucleus and the cytoplasm. Wlicn a portion of tlic latter is 
cut off from the i)art of the cell containing the nucleus, it may 
live for a while and move about normally; but, as Wilsoji says; 
“Such a mass of protoplasm is, however, devoid of powers of 
assimilation, growth and rei)air, and sooner or later, dies.’^ In- 
asmuch as we have seen in the preceding section that the cyto- 
plasm contained a close network regarded l)y many investiga- 
tors as the living portion of the cell, it follows that it must be 
the nucleus which supplies the cell with its papuhmi vilw. This 
is sustained by the (act that, as also shown, the network of eyto- 
reticulum is composed of adrenoxidase dro])lets. It is evi- 
dently this substance which the nucleus deals out to the cyto- 
plasm according to its needs. 

The manner in which it does so was analyzed iii the first 
volurne.^**^ I suggested therein that the so-called ‘^nuclear 
membrane” was in reality a cavity that contained the sub- 
stance which, though derived from the nucleus, was projected 
into the body of the cell, and formed its network, its staining 
properties (iron-hamiatoxylin) being similar to those of the net- 
work. Although the function of this “membrane” has re- 
mained unknown, the data recorded sustain my interpretation. 


MalHTinndt; Cltod by Wilson, /or. ri7., p. 2r»2. 
i®®nail: I3rrl. kiln. Woch., Oct. II. S. 887. 1897. 
Cf. vol. I, p. (154. 
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Thus, both Klein and Van Bencden consider it as similar in 
structure to the network, while Heinke^”* found that it con- 
sisted of “oA’ychronuitin granules like those of the linin net- 
work” — a nuclear structure. As oxychroinatin is adrenoxidase, 
the nuclear linin, the “nuclear niciiibranc” and the network 
of the cytoplasm are all composed of adrenoxidase. This is 
further conlirined by the fact that in Ciullamrs plate’"** all three 
structures are shown to have taken methylene-blue. The role 
of the nucleus in the process now seems clear: It utilizes 
what adrenoxidase it requires for its own use and feeds the rest 
into the “nuclear membrane” — the periniuJcar vacuole, as I 
have termed it — whence it is projected into the cytoplasm to 
form the network. Each thread of this network, according to 
Van Bcneden, Wilson and others, is composed “of a single scries 
of microsomes, like a string of beads.” As Ilammarsten-"" re- 
fers to blood-platelets as “pale, colorless, gummy disks,” it 
could be considered as a string of adrenoxidase disks. 

Although the network of the cytoplasm ks a living struc- 
ture, its identity as adrenoxidase accounts only in ])art for this 
fact, since its properties, those of a catalytic and oxidizing sub- 
stance, become manifest, in their relation to tlie vital process, 
only when nueleo-proteid is present. Since, as we have seen, 
nueleo-protcid granulations penetrate directly into the cyto- 
])lasm, this feature is also met. Still, how are the adrenoxidase 
droplets of the network and the nucleo-prot(vid granules of the 
cytoplasm brought into contact? 

We have repeatedly seen that their mutual alliniiy is very 
-great. So marked is it, in fact, that tlie blood-jdates liave l)een 
found combined wvith nuclein in shed blood. lnde<Ml, they 
jointly subserve two important functions in this fluid as 1 have 
pointed out in the first' volume:^®’ the maintenance of tho 
blood’s temperature to its physiological needs; and fibrin coag- 
ulation, adrenoxidase being, we have seen, the fibrin-ferment. 
During life the blood-platelets and the nueleo-proteid granules 
are dealt out by their respective cells, the rod corpuscles and 
the leucocytes, as needed by the blood and are promptly dis- 


’i*® Reiiike: Cited by Wilson, Loc. ciL, p. 28. 
^wGulland: Lw. cit. 

Hamuiarsten: Lw;. cit., p. 186. 

Cf. vol. i, p. 688 et 8cq., in the first three editions. 

2—10 
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solved. After deaths however, or in shed blood, this stage is 
not reached and the platelets are found cither in their normal 
state (Bizzorero, Haycm, etc.), or in combination with nuclein 
(Kossel, Lilienfeld, etc.), and called, therefore, ‘^nuclein 
plates,” the latter, though abnormal entities, standing as proof 
of the mutual affinity of their components. This explains the 
presence of the close-meshed network in the cytoplasm and 
also its vital activity, since the affinity of its adrenoxidasc for 
nucleo-proteid causes the granules of the latter to be drawn to 
the network at once on reaching the periphery of the cell. 

Various phenomena that have remained unexplained now 
appear as normal conse(|uences of the presence of these two 
bodies in the cell, both nucleus and cytoplasm. Alluding to 
the labors of van Bcneden, lleidenhain, Keinke and Schlotcr 
and to his own investigations, Wilson writes^^^ in respect to 
the two kinds of granules: ^‘These two forms graduate into 
one another.” Kef erring to the nucleus he says: “The chro- 
matic substance is known to undergo very great changes in 
staining capacity at different periods in the life of the nucleus 
and is known to vary greatly in bulk.” Again,-*^^ he quotes 
Heidenhain^s statement based on results obtained by physio- 
logical chemists and by himself: ‘^Basichromatin and oxychro- 
matin arc by no means to be regarded as permanent unchange- 
able bodies, but may change their color reactions by combin- 
ing with or giving off phosphorus.” 

The intracellular process is clearly discernible in the light 
of these observations: A constant reaction between adrenoxi- 
dasc and nucleo-proteid granules is going on, the oxygen of- 
the former and the phosphorus of the latter combining inces- 
santly to liberate that heat energy which, as will be shown, is 
a necessary feature of the life of the cell, or rather, the life of 
its proteid. 

How does this apply to the nerve-cell ? 

We have seen*®”* that — ^from my standpoint — the neuron 
is not a mere cell, but an organ composed itself of nerve-cells, 
and that these nerve-cells, as far as the nerve proper is con- 
cerned, are the internodal segments — the portions of the nerve 

»* Wilson: Loc. cit, p. 223. 

Wilson: Loc. cit.^ p. 224. 

Cf. this vol., p. 915 et seg. 
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extending between the nodes of Ranyier. Each of these seg- 
ments is supplied, like all other cells, with its nucleus, located 
in the myelin, which corresponds, therefore, with the cytoplasm 
of ordinary cells. This suggests that the myelin must be the 
seat of the metabolic processes previously referred to. 1 have 
not only pointed out that the myelin is not a mere insulating 
substance, as now taught, but we have seen also that it is 
capable alone, and before the axis-cylinder is developed in 
regenerative processes, of transmitting nervc-impulseAS. More- 
over, as stated by Sherrington,-®® “the date at which a nerve 
fiber completes its development, by aeejuiring a myelin sheath, 
indicates the time at which it becomes functionally active.” 
As I interpret this fact, pointed out by Flechsig, it em- 
phasizes the cardinal role the myelin plays in the production 
of the nerve impulse. 

A question imposes itself in this connection: How, under 
these conditions, can “non-niedullatcd” nerves, the fibers of 
Kemak, generate or transmit impulses? Various authorities 
have held that tliese diminutive fibers arc supplied with myelin 
as well as the “medullatcd” nerves. Boveri's^®® researches led 
him to conclude that they differed in no -way from the latter, 
the axis-cylinder of the fibers of Remak being surrounded by 
a nucleated myelin sheath, '^ruckett,-®^ in a comprehensive 
study of the literature of the subject and after personal in- 
vestigations, also concludes that “fibers of Remak consist of a 
nucleated sheath enclosing a core,” and refers to the opinion 
of Ranvier,-®® Axel Key and Retzius,^®® Schieffcrdecker^*® and 
Kdlliker-^' that this core or axis-cylinder is composed of 
bundles of fine fibrils — a view now generally accepted. More- 
over, it stains with methylenc-bluc and acid fiichsin, showing 
the presence of oxychromatin, t.e., adrenoxidase, and is repeat- 
edly referred to by Tuckett as “granular,” though he ascribes 
this to the action of the stains. It is apparent, therefore, that 
all nerves have a similar structure, and that the gray color of' 

Sherrington: Schafer’s “T. B. of Physiol..” vol. il. p. 792, ^900. 

**• Boverl : Abhand. d. k. bayerlsch Akad. d. Wiasenschaften zu MUnchan, 
Bd. XV. S. 480, 188.5. 

Tuckett: Jour, of Physiol., vol. xix, p. 267. 1895-1896. 

**Ranvler: "Traits techniqiio d’hlstologit*.” p. 746. 1876. . 

“• Axel Key and Retzlus: ”Studlen in d. Anat. d. Norvens u. d. Bindegew, 
Bd. 11. S. 169, 1876. 

Schleffcrdcckpr: Archiv f. mlk. Anat.. Bd. xxx, S. 436, 1887. 

Kdlliker: ”Handb. dcr Gewebcl. des Menschen,” Bd. 11, S. 30, 1893. 
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the so-called ^^non-medullated^^ fibers is due merely to the fact 
that their myelin coat is thinner than that of larger nerves. 

We have seen that in keeping with all other organs, a 
neuron is supplied with adrenoxidase, that this substance pene- 
trates into its cell-body through the neuro-fibrils which enter 
the dendrites, and tliat they form a very fine network, espe- 
cially dense around the nucleus. Now, this network is also 
termed the “cytoreticulum,’" and, as it takes mcthylcne-blue, it 
is doubtless the hoinologuc of the network common to all cells. 
As such, therefore, it is the living portion of the cell in the 
sense that, being immersed in the cytoplasm or ground-sub- 
stance, it finds therein and, as in other cells, combines with the 
nucleo-proteid granules — an important constituent of nervous 
matter, as we have seen.-^- 

Nen^ous substance contains various bodies which, until re- 
cently, were thought to he specific to this substance, viz., the 
phosphoriz(»d fats, which inchuhi myelin, protagon, lecithin, etc. 
Waldemar Koch,*-^’’* however, has found them in other forms 
of protoplasm, includijig yeast cells, thus showing that nervous 
tissue differs only from all other tissues, in that it contains a 
larger pro|)ortion of these bodies. Their role is practically un- 
kjiown. Thus, llallihnrton-’^ writes: ‘‘We know little of these 
substances from the chemical standpoint, and still less from 
the physiological.'’ He also says, however, referring to the 
“long list of substances to consider,'' and especially to extrac- 
tives: “We can surmise that they are mostly waste products, 
iTs they are elsewhere.” This coincides with the conclusion 
that my views suggest. Indeed, the substances that are 
brought to nervc-cells by leucocytes arc, as elsewhere, protcids, 
sugars and fats, 'riie proteid (nucleo-proteid) wastes arc un- 
doubtedly present: thus, as stated by ITalliburton, small quan- 
tities of xanthin, hypoxanthin, lactic acid, uric acid and urea 
have been identified. Tbe fats arc represented by lecithin, 
which, in turn, yields fatty acid and glycerine, phosphoric acid 
and cholin. The sugars also appear in the form of galactose, 
obtained from the cerebrins, etc. 

Cf. Ihl8 vol., p 914. 

Waldemar Koch: “Decen. Publications of Chicago Unlv.,*’ vol. x, 1902. 

Halliburton: “Biochemistry of Muscle and Nerve,” p. 68, 1904, 

«« Halliburton: /bid., p. 61. 
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All this suggests that the nerve-cell is not so complex a 
structure as it is now thought to bo. Waldcinar Kocli,-^” in 
a searching analysis of the question, was led to conclude that 
“cortical gray matter, free from white libers, besides contain- 
ing no cerebrins, also contains no ncurokcratin, cholesterin and 
kephalin or myelin. Gray matter, thcrcrore,” adds the' author, 
“has a very simple composition, consisting of a mass of proteids, 
lecithin and the sulphur compound.^’ As lecithin is a waste 
product, the constituents arc further reduced to the proteids 
and the sulphur compound. 

Now, these bodies include the nucleo-proteid and adren- 
oxidase we have found in all cells. Ily “proteids” Koch means 
Halliburton’s three proteids.-'^ Two of these are globulins, 
t.p., fibrinogen {extra eorpore) compounds. Hcf erring to the 
third, however, Halliburton states that it is ^‘a nucleo-proteid” 
which “contains 0.5 per cent, of phosphorus” and “coagulated 
by heat at 56 to 60®,” the identical niicleo-probnd, in other 
words, that we have found in all tissues. The identity of the 
sulphur compound suggests itself after the data submitted 
when the relationship of the adrenal secretion to bronzing was 
studied. I then showed-^** that sulphur was a constituent of 
this secretion and therefore of the adrenoxidase circulating in 
the tissues at large — including, of course, the nervous tissues. 
Gamgee, in fact, says, referring to haunoglobin, that “sulphur 
belongs to the albuminous part of the molecule” — the adrem- 
oxidase — and the presence of this element indicates that 
“haemoglobin belongs to the protcid compounds.” (llallibur- 
ton^^**). The presence of the su]|)hur compound to which 
Waldemar Kocli refers affords additional proof, therefore, to 
the effect that adrenoxidase circulates in the nervous system 
as elsewhere. 

We are thus brought to the conclusion that the only ap- 
preciable difference between the nerve-cell and all other cells 
is the presence in the former of a larger proportion of fat. 
The nucleus contains a network which reacts to stains as does 
that of cells in general. The cytoplasm shows the same corre- 

Waldemar Koch: Amer. Jour, of Physiol., vol. xl, p. 303, 1904. 

Halliburton: Lor. rit., p. 63, 1904. 

Cf. this vol., p. 8.35. 

“•Halliburton: Schafer's "T. B. of Physiol.," vol. I, p. 27, 1898. 
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spondcnce. The Nissl granules, which break down into fine 
dust in Chroniatolysis, are the homologues of the microsomes 
we have found in all cells; Halliburton says, in fact, that 
^^microchemical methods have shown that they consist of 
nucleo-protcid.” 

The manner in which plasmatic adrenoxidase is supplied 
to a neuron is characteristic in that (interpreted from my 
standpoint) it is brought to them by minute capillaries, the 
neuro-fibrils. The cell-body of the neuron is supplied by fibrils 
which enter by way of the dendrites; the cells of the nerve 
proper are also supplied by fibrils, those which form their axis- 
cylinder, the plasma flowing upward or centripetally, in the 
minute tubes, l^iit how does the adrenoxidase penetrate into 
the neural cells proper, t.c., thq intcrnodal segments? 

In the first volume^*® I submitted evidence showing that 
what was supposed to be a ^^supporting framework” in the 
myelin of each of the intcrnodal segments, was in reality a 
‘^thread” which, according to Kezzonico and Golgi, forms a 
spiral or funnel-like threadwork around the axis-cylinder, and 
which, according to Tizzoni, communicates with the slits of 
Lautermann, or hollow canals described by this investigator, 
von Stilling, McCarthy, Wynn and others. These slits or 
canals and their threadwork evidently contain adrenoxidase, 
for they are stained with hapmaloxylin (McCarthy), an ^^ixychro- 
raatin” dye, we have seen, but which does not stain myelin. 
This is evidently a counterpart of the cytoreticulum we found 
in all cells, for as stated by Bohm, Davidoff and Huber 
^^On boiling in ether or alcohol the entire medullary sheath of 
a nerve-fiber docs not dissolve, but a portion remains in the 
shape of a fine network.” 

The cells of the nerve proper, therefore, like the cell-body 
of the neuron, contain their adrenoxidase network, and the 
meshes of this network bathe in a medium rich in phosphorus 
and fat. Heat energy is thus continuously liberated to sustain 
the life of the cell. 

The wastes are eliminated through the lymphatic system 
as they are by other tissue-cells. '^Although the nervous sys- 

Cf. vol. I, p. 536. 

BShm, Davidoff and Huber: *'T. D. of Histology/' second edition, p. 157, 

1906. 
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tem is not known to be supplied with lymphatic vessels having 
definite walls, the circulation of lymph within the bundles of 
nerves is insured,” as stated by Berdal,*^- “by the disposition of 
the intrafascicular connective tissue, the meshes of which rep- 
resent lymphatic cavities ” Such being the ease, the plasma, 
after traversing the networks in the myelin, must either pass 
out through the neurilemma or at the nodes of Itanvier into 
tlie interneural lymphatic spaces. Another lymph-space is 
present between the bundle and its external covering, Henle’s 
eheath. The cell-body, as is well known, is also supplied with 
a pericellular lymph-space in which chromatic granules are 
sometimes found. 

How is the nerve-impulse generated and what is its nature ? 

In the first volume^^** I adduced evidence which had led 
me to conclude that in all organs all manifestations of activity 
were due to an influx of oxidizing substance (adrenoxidase) 
into their cellular elements. We have seen“‘^ how essential 
oxygen is to nervous activity and that nervous elements are the 
seat of active metabolism. The presence of adrenoxidase in 
the networks of the cell-body, internodal segments and nuclei 
of a neuron readily accounts for these phenomena and for the 
waste-products enumerated ; it affords also a clear explanation 
of chromatolysis, etc. That an exacerbation of activity in a 
neuron is brought about by a process similar to that which pre- 
vails in all cells is self-evident. 

The details of this process again emphasize the need of re- 
garding the neuron, not as a cell, but as an organ. The meta- 
bolic activity, chromatolysis and other phenomena indicating 
work, arc practically limited to the cell-body, and yet the ava- 
lanche phenomenon and other facts show that the nerve proper 
is itself a source of nervous energy. On the other hand, a 
group of neurons— or rather of their cell-bodies — is known to 
form “centers,” capable not only of receiving impulses, but of 
co-ordinating them and of transmitting the transfomed im- 
pulses through their neuraxons, the nerves. It becomes a ques- 
tion now whether the cell-body of a neuron is itself the source 

*^Berdal: *‘Nouveaux ^l^ments d’hlstologie normalc,” p. 163, 1894. 

Cf. vol. 1, p. 130, in the first three editions. 

VI. this vol., p. 916. 



of tlie norye-iinpulse or vh^Or tkk 
its Qi^razott or nerve.' ■'.■ ■' 

• ^ viow that the oell-bOdy initiates 

pnlses is l^sed upon the fact tbftt electric or mechanicd' stllhti'': 
ktion of a center will awaken peripheral n^ifestations 
throuj^ the nerves ii /f^ve^X' hitt^is o^^ shows that the 
cell'b^ies forming the center are'^ endowed with a property 
more or less marked in all cells, ».e., irritel^Uty^ Again, a cell 
is not generally endowed with more than ohe fhhcrioh ; and cch 
ordination, such as that shown by spinal ^'cells** in a beheaded 
frog, which will enable the animal to brush off a corrosive sub- 
stance dropped on its back, is of such high order that it is only 
because it is a demonstrated fact that any cell or aggregate of 
cells other than those of the: cortex can be regarded as pos- 
sessing such powers. That in addition to this power, the cell- 
body is able to generate a nerve-impulse is not only improb- 
able, but as shoum below, its own irritability — ^the same irrita- 
bility that causes a muscle to contract or a gland to secrete 
when stimulated- — enables it tO cause its neuraxon or nerve it- 
self to generate and transndt hnpulses adjusted as to intensify, 
rhythm, duration, etc., to the needs of the peripheral organ. 
Briefly, the cell-body of a; heuron is solely, from my view- 
point, a co-ordinating center, supplied with a chain of cells, the 
intemodal segihents constituting its neuraxon or nerve, and 
which cells are the source of all the impulses transmitted by 
the neuron. 

The manner in which the cell-body causes it# nerve to pr(v 
duce a stream of impulses is relatively simple. We have seen, 
by the upfriird flow of tetanotorin, that thei adn$Doxidase-laden 
plasma cire^fys centripetally in the fibrils forming the axis- 
cylinder, ah$i that a lejiet.;(idie rest passing later- 

ally from the atis-fylihd^r into netwdm of the intemodal Seg- 
’ ipante) ilQ^ hp the whole length of the nerve, up to the cell- 
. .hi^y/ ^t this point, the nerve forms a hillock, the implanta- 
cone, w|iioh dips, so to Say, in the cell-body's substaime, 
from the 8 

iTow, it is apparent eol^ 
;vlmi|l^ of the celi-hody or of the implahtaribh cone arOuhA the^ 
axis^fyl^der fl mhst, % dbmp^^ hn- 




THE NEURON AS AN DREAN, [Sajous,] 

Fig. 1. CELL-BDIlir OH CHIFF CFLL. R, el, fibrils bs aaplllarlBS for 
adrsnoxldasB-plasma; b, Nlssl granules, as nuolaa-prateld mlcrasamaa. 

Fig. 2, TRTJE NFHVF-CELL. a, axls-ayllnder fibrils as caplUarlss 
for adranuxldasB'plasma; b, nBtAX7arlc far distribution of plasma throughout 
myelin! o, myelin; d, CBll-nuclBUs and nuoleolusi e, neurilemma! f, tip of 
next OBll; g, Hanvler’s node. In oells oniiBuroii: c, silts of Lautermann. 

Fig, 3. MUSCULilR TISSUE, a, motor ending; b, terminals of fibrils 
of axiB-oyllnder, in which adreuuxldas e-plasma (and tetanotoxln) flow up- 
ward or oentrlpetallyi 




l^;jiictle^^ j&Foughoiit the whole 

/lenjg^ bl the :ij^ the pressure of this , 

substaace ui tV‘ei;>^ excess of it to flow into , 

. the networks 0 ^^^^^ segments or true nerve-cells. 

4 sudden adreno'xidase into the phos- 

. |dt6ri)s*laden lOyslin'fi^ to end of the nerve cannot but 
as .suddeQljr incite 's reaction entailing, as in all cells, the libera- 
tiob energy. 

' This conception meets the various biological and experi- 
'mentfd facts that have stood the test of time. Nervous energy 
has been identified with electricity since Oalvani’s discoveries; 
and the galvanometer, the current generated by the electric 
organs of the sheath-fish, the torpedo, the electric eel and vari- 
ous vegetable and animal tissues have all served to show that 
this view is sound. Thus, the row of internodal segments around 
the axis-cylinder, or what 1 regard as the only true nerve-cells, 
corr^pond in their general structure and composition with the 
"electric cells” — also long and slender — in the spinal cord of 
the electric eel. Again, as stated by Verworn,*** "these elec- 
tric organs have the same embryonic origin as cross-striated 
muscles, to which also in their adult state, they possess great 
similarity.” I have submitted evidence showing*** that mus- 
cular contraction is also produced by a sudden influx of adren- 
oxidase (oxidizing substance) — MacMunn’s myohsmatin — ^into 
the muscular elements where they also combine with a sub- 
stance containing nucleo-proteid — ^myosinogen and a carbo- 
hydrate, glycogen. The same correspondence asserts itself iU 
other directions: Sensory nerves are structurally similar to 
motor nerves, the sensitive "end-organs” affording prima facie 
evidence that irritablity is the initial factor when nerve im- 
pulses are to be incited: This same irritability accounts for 
the fact that electric stimulation in the course of a nerve will 
evolve impulses, since the nerve-cells themselves are stimulated. 
Hi^t^pcreaBes and cold deci'eases the velocity of an impulse: 
this is readily accounted for by the fact that myelin is liquefied 
by heat and hardened by col4 Alcohol impairs conductivity; 
this is because it becomes oxidized at the expense of the adren- 

■"Verwohi: tbc. cif., p. 269, 1S99. 

‘ YQl, i, p. Ml, In tlM” first editions. 
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oxidase. Indeed^ it is an established fact that deprivation of 
oxygen and asphyxia by anaesthetics likewise impair the conduc- 
tivity of nerves. 

The fact that my interpretation explains these various fea- 
tures of the question seems to me to indicate that, in its gen- 
eral lines at least, it is poised on a solid foundation. Although 
the nerve-impulse has been identified with electricity, the pro- 
cess through which it is produced and its nature as a physiolo- 
gical entity have not been found. Indeed, in the last edition 
of his work, Landois^^^ states that “the nature of the phy- 
siological nerve-stimulus in the normal body is not known,^^ — 
a fact readily accounted for when we realize that the two orig- 
inal sources of energy, the granulations of leucocytes and 
adrenoxidase, were themselves unknowm. 

And this applies to all the living structures of the organ- 
ism, since, in the light of my views, all cells of whatever kind 
are perpetuated as living entities through the intermediary of 
these two sources of energy. One salient feature asserts itself, 
however, in this connection, viz., the masterful role of adren- 
oxidase. The proteid is, in truth, the living substance, but it 
is as dead substance that it enters the body. It is through the 
presence of adrenoxidase that it is endowed with life in the 
leucocyte, and that its identity as living tissue is sustained in 
the cell. Its active principle, acting as catalytic, is the true 
vitalizing agent in this process, since it is able, as such, to raise 
the oxidizing activity of the oxygen it carries to a very high 
potency, and thus to provide the proteid with a correspondingly 
great amount of heat-energy, by combining continuously with 
the phosphorus of the nuclein to which the proteid is anchored. 
As the proteid contains all the chemical constituents that ren- 
der it viable, the heat-energy thus supplied to it increases the 
vibratory amplitude of its atoms to that compatible with the 
living state, and it becomes living tissue. In other words, heat- 
energy becomes transformed into vital energy. Adrenoxidase, 
as catalytic and oxidizing agent, is thus the life-giving and life- 
preserving constituent of all cells. 

The proteid lives as long as its physical properties are such 
as to enable it to subserve adequately its function in the cell ; 

^ Landols: **T. B. of Human Pbyalol.,*' Amer. edition, p. 631, 1905. 
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there comes a time, however, when worn, it must be removed. 
Here new factors are introduced, viz., the various hydrolytic 
triads, proteolytic, lipolytic and amylolytic (also brought to the 
cell by leucocytes, we have seen), to break down the protcids 
and what carbohydrates may be adjoined to them — fats in the 
nerve-cell, glycogen in the muscle-cell, etc. Again does adren- 
oxidase assume control: Itself a part of the triads, it carries 
on its role as ‘^ferment of ferments^* in each triad, and submits 
to hydrolytic cleavage the worn-out constituents of the cell, 
thus converting them into benign and eliminable waste- 
products. 

The two phases of the living process, the building up of 
living tissue, anabolism^ and the breaking down of worn-out 
tissue, catabolism, are thus incited and governed by the oxygen- 
laden secretion of the adrenals. 

On the whole, the evidence submitted in this and other 
sections appears to me to warrant the following conclusions: 

As to the conversion of proteid into living substance and its 
maintenance as such in the cell: (1) the proteid constituent of 
the nucleo-proteid granules is the focus of the vital process, the 
true living substance; (2) although it enters the body lifeless, 
it contains all the constituents of living substance and acquires 
life in the leucocytes through the agency of the adrenoxidase 
these cells contain; (3) adrenoxidase being both a catalytic and 
an oxidizing agent it causes, when combining with the phos- 
phorus4aden nuclein of the leucocyte*s nucleus, the liberation of 
sufficient heat-energy to amplify the atomic vibrations of the 
proteid to a point compaiibte with life, and thus Iransfonns it 
into living substance; (4) when the proteid enters the cetl and 
is drawn to the network along with its nuclein moiety, its living 
state is also sustained by adrenoxidase, hut by that constituting 
the network, while the nuclein with which this adrenoxidase com- 
bines is that linked to the proteid; (5) life is perpetuated in the 
cell by the incessant arrival of particles of living substance which 
continue their existence therein, linger for a time, then leave the 
cell as waste. 

As to the functional mechanisni within the cell: (1) The 
physico-chemical processes that stisbain life occur in, or around, 
the networks of the nucleus and cytoplasm, the affinity of the 
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adrenoxidasG granules composing these networks for phosphorus 
causing them to attract the nucleo-proteid granules and to corn^ 
bine with them; (2) in the nucleus the two bodies are replaced, 
gradually as they are being used, by the absorption of granules 
of both kinds from the exterior; (ii) the network of the cyto- 
plasm is also rebuilt as its granules are being used, but by the nu- 
cleus, tvhich projects fresh granules of adrenoxidase into its 
threads; (4) the nuclco-proteid granules are continuously being 
taken up by the network from the accumulations of these gran- 
ules stored in the cytoplasm between its meshes; (5) the ground- 
subslance between the meshes of the network is passive in the 
vital process, being a depository for the stored nucleo-proteid 
granules, waste products^ salts, etc,; (0) when the nucleo-pro- 
teid granules, and ivhat carbohydrates may be present, are worn 
out, they are broken down by the various hydrolytic triads (fer- 
ments) also brought to the cell by the leucocytes, and converted 
into benign wastes which are cast out through the vacuoles into 
the lymph spaces and ultimately eliminated, 

hi tlic nervous system, the bioelicmieal processes involved 
correspond, on the whole, with thasc of cells in general. Yet the 
neuron, as previously stated, is not a cell-unit as now generally 
taught, hut an organ; it presents, moreover, structural peculiari- 
ties as to the manner in which its blood is distributed to its cells. 
As to this f(?aturc of the problem: (1) nerve-cells differ from 
ordinary cells in that they are supplied with adrenoxidase by cap- 
illaries (fibrils) that empty directly into their networks; (2) 
in the chief cell of the neuron, the *U:ell body/* these capillaries, 
or *Uienro-/ihrils," reach the network or cytoreticuluni, which 
is, as in other cells, composed of adrenoxidase (oxy chromatin) 
grannies, and immersed in a plasmatic cytoplasm containing 
groups of nucleo-proteid (basichromatin) gramdes; (3) in the 
neuraxon or nerve, the axis-cylinder fibrils allow the adrenoxi- 
dase to traverse their ivalls (as it does through those of ordinary 
capillaries) and to enter the slits of Lantermann in the myelin, 
which slits in turn open into the networks in this substance. 

As to the functional relationship between the cell-body of 
the neuron and its neuraxon or nerve, the manner in which nerve 
impulses are produced, and the nature of these impulses: (1) 
the ""cell-body*' of a neuron is not a nerve-cell but a co-ordinating 
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center endowed with marked irritability; as such it can react to 
nervous impulses and cause its own neuraxon or nerve to generate 
such impulses; (2) it performs this function by contracUmg^ 
around the upper end of the axis-cylinder fibrils that project 
into it; the {centripetal) current of adrenoxidase-laden plasma 
being thus impeded {proportiotuilly as to degree and time, with 
the vigor and duration of the impulse), the pressure of this jluid 
in the fibrils is increased throughout the whole length of the 
nerve, and an excess of adrenoxidase is driven into the networks 
of the myelin; (i3) the phosphorus- and fatdaden myelin being 
the cytoplasm of the true nerve-cell (the internodat segments 
around the axis-cylinder) , the network of adrenoxidase immersed 
in it is the focus of chemical activity as in other cells, and the 
source therefore of the nerve impulse; (1) the true nerve-cells 
are the biochemical homologues of the cells constituting the 
electric organs of various animals, and the nerve impulse corre- 
sponds {as to its nature) with the impulses derived from such or- 
gans; (5) the waste products, which include lecithin, cerebrin, 
purin bases and phosphoric acid, are eliminated from nerve-cells, 
as elsewhere, into lymph channels, viz., into the peri-cellular 
lymph spaces around the cell-bodies ; into the spaces between the 
nerves in nerve-bundles, and into the space between these bundles 
and their outer covering, Ilenle’s .sheath. 

Adrenoxidase is tluis shown to he the dominating principle 
in nerve-eclls as well as in all other cells. Tt is able not only 
to endow non-living though vialAe proteids with vitality by 
bringing into play and governing the activity of various other 
pliysico-chemical liodies, but it can also sustain the vital process 
it has initiated, in all the cells of an organism. Again, while 
we may define Life, with Herbert Spencer, as ^^the continuous 
adjustment of internal relations to external relations/’ or with 
do Blainvillc as “the two-fold internal movement of composi- 
tion and decomposition, at once general and continuous/’ the 
need of a governing and vitalizing physical principle has as- 
serted itself by the introduction into the problem at various 
times of an exogenous “vital principle,” or a separate and dis- 
tinct “vital force,” etc. But such agencies do not bear close 
scrutiny. Spencer^-** closes his chapter on the “Dynamic 


spencer: "Principles of Biology," vol. 1, p. 122, 18S8. 
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Element of Life” with the statement: find it impossible 

to think of Life as imported into the unit of protoplasm from 
without; and yet we find it impossible to conceive it as emerg- 
ing from the co-operation of the components.” The active 
principle of adrenoxidase was unknown at the time these lines 
were written; its role, we have now seen, is precisely 1o endow 
the protoplasm with life without introducing a problematic fac- 
tor into the process. 

(J ENEiuL Kemauks. — Xotwi thstaiiding the considerable 
and painstaking labor iliat physiologists have bestowed upon 
the questions of absorption, assimilation and metabolism — 
which labors have furnished much of the evidence I have sub-, 
mitted in tliese pages — none liave remained shrouded in greater 
obscurity. As to absorption of food products from the in- 
testine, Howell, for instance, says:““® “Tlie energy that con- 
trols absorption is furnished by the wall of the intestine, 

presumably in the epithelial cells. It constitutes a spe- 
cial form of imbi])ition which is not yet understood.” Accord- 
ing to prevailing views, the products of gastro-intestinal diges- 
tion should be found in the blood after their passage through 
tlie walls of the intestine: Mendel writes ^^Beyond the in- 
testinal wall, in tlie blood and lymph stream, the cleavage prod- 
ucts seem, for the most part, to be missing.” The fluid pro- 
teids should also penetrate freely to the tissue-cells: Howell 
states: ^The proteids of the blood, which arc supposed to bo so 
important for the nutrition of the tissues, are practically in- 
diffusible, so far as we know. It is difficult to explain their 
passage from the blood through the capillary walls into the 
lymph.” The prevailing knowledge of the intracellular ex- 
changes is even less satisfactory: Sir Michael Foster***’ closes 
a study of metabolism in bis text-book with the statement that, 
after all, it ^^consists mostly of guesses and gaps.” 

The reason for this deplorable lack of knowledge upon 
questions which represent the very foundation of all that we, 
physicians, should thoroughly understand before pretending at 
all to study diseased states intelligently, is not difficult to find. 

Howell: **T. B. of Physiology, p. 772, 1910. 

Mendel: Med. News, May 20, 1905. 

Foster: cited by W. O. LlUlc# Liverpool Med.-Chlr. Jour., Jan., 1905. 
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Without the functions the data submitted have led me to at- 
tribute to the adrenal secretion and the granulations of leuco- 
cytes, the problems of respiration, absorption, and metabolism 
are absolutely unfathomable. 



CHAPTER XVI. 


THE PITUITARY BODY AS OOVEKNING CENTER OF 
VITAL FUNCTIONS. 

TIIK PITUITARY BODY AS THE GOVERNING CENTER OF THE 
BODY’S IMMUNIZING FUNCTIONS. 

An editorial writer^ remarked recently: “It was not en- 
tirely poetic iinaj^ination that inspired Jaccpies Loob to pre- 
dict tliat through the oxidases one may, in time, be able to con- 
trol life as the artist governs the keys of the piano. Not 
inendy the normal course of life, but also tliat vast gamut of 
diseases characterized by metabolic derangements might be 
controlled if we only knew how to favor or retard the action 
of the oxidases.” Four years ago I pointed out that these 
identical functions were carried out by the pituitary body. 

In the first volume I contended that the anterior lobe of 
this organ contained sensory cells which had for their purpose 
to detect the presence of toxic substances in the blood. Con- 
siderable evidence was also submitted to show that these sen- 
sory structures could, ip case of need, and through the iiiter- 
mediaiy of the adrenals, enhance the functional activity of the 
organism’s defensive functions. As interpreted from my stand- 
point, therefore, the pituitary body should bo considered as an 
orijan of special sense provided by Nature to protect the body 
against the harmful effects of poisons of all kinds. 

That such a protective function actually exists in man is 
further sustained by the fact that its presence is clearly dis- 
ceniihle throughout the entire phylogenetic scale, at least down 
to and including mollusks. “Near the base of the stem of each 
ctenidium” fgill-comhs], says Ray Lankester,^ “is a patch of the 
epithelium of the hody-Avall, peculiarly modified and supplied 
with a special nerve and ganglion. This is SpengcFs olfiictory 
organ, Avhich tests the respiratory fluid, and is persistent in its 


1 Editorial: Medical Newa. Dec. 24. 1904. 

^ Ray Lankester: Art. "Mollusca," "Encyclo. Drltannlca,” ninth edition, 
vol. xvl, p. 636. 
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position and nerve-supply throughout the group Mollusca.” 
To this group of cells Lankester gave the name ^^osphradium.^- 
Parker and Haswell* more specifically define the functions of 
this organ, viz., ‘^to test the purity of the water entering by 
the respiratory current." 

Ascending from the Invertebrates to the Vertebrates, we 
find this same organ in the lowest of fishes, the lancclet or 
amphioxus. In this lowly animal, the water, which enters the 
mouth and traverses the entire body, also subserves the re- 
spiratory function (Lankester).* ^"rhe mouth of Amphioxus 
would seem to be well guarded against the intrusion of noxious 
substances," writes Willey "everything entering the mouth 



Pia. 1 .— Tbst-Oroan in Amphioxus in a Youno Transparent Individual.. 
{After J, Miillcr, Hlightly modified by Willey). 

wo. Ciliated epithelial tracts, gs, Gill-slitB. md, Endostylc (the future thy- 
roid). va, Down-growth of Aorta, nt. Spinal cord, vh, Notochord, 
c, Eye-spot, ci. Cirri. 


has to pass through a vestibule richly provided with sensitive 
epithelial cells." The relations of these cells are shown in Fig. 
1. Lloyd Andriezen® likewise refers to sensory structures in 
amphioxus constituting "a nervous organ," which is "sensitive 
to the quality of the water which passes over it," and remarks 
that "this is no isolated phenomenon, for we find a striking 
analogy in the osphradial organ and ganglion of Mollusca, 
which is situated at the entry of the mantle or respiratory 
chamber, and serves to test the quality of the water whieh 
passes over the respiratory organ." Wo thus have clear evi- 

* Parker and Haswell: ‘‘Manual of Zoology,*' p. 277, 1000. 

* Lankester: Loc. cit, vol. xlv, p. 2.‘>8. ^ 

* Willey; “Amphioxus and the Ancestry of the Vertebrates,** p. 19, 1894. 

* Lloyd Andrlezen: Brit. Med. Jour., Jan. 13, 1894. 
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derice to the effect that these lower forms, at least, are en- 
dowed with a specific apparatus, which, though primitive, has 
for its purpose to protect the oxyyen-bearmg stream, and, 
through the latter, the body at large. 

A feature of great importance in this connection, however, 
is the evident presence ot two structures fulfilling correlated 
functions. While Lankester refers to “a patch of epitheliuin^^ 
. . . . ‘^supplied with a special nerve and y any lion/' located at 
the liase of the gill-combs in Mollusks, he includes all these 
structures in Spengel’s “olfactory” test-organ. The impor- 
tance of this lies in the fact that we have in this dual organ 
a counterpart of the pituitary body, whicli is composed, as is 
well known, of two lobes, one epithelial and the other neural. 
As far back as 1881 Julin^ showed that in Ascidians, or sea- 
s(|uirts, which belong to a subclass belovy amphioxus (the 
LTrochorda), the sii/meural gland, which underlies a ganglion 
embedded in the mantle of these animals (and which ganglion 
rcj)rcsents the general center of their nervous syst(Mn), was 
similar in structure and relations to, and a counterpart of, the 
pituitary body of the Vertebrates. Lloyd Andriczen” not only 
confirmed this fact more recently, but as the result of (compre- 
hensive histological study of the subject in ammoccetes (larval 
petromyzon) and louver forms, affirmed the previously supposed 
tw^o-fold function of this organ. “Even in the highest mam- 
mals and man/' says this investigator, “it has a two-fold struc- 
ture and represents a do\ible organ.” 

The close relationship between the two organs is clearly 
show'll in Fig. 2, a longitudinal section of the upper portion 
of a young clavelina, or sca-s(]uirt, shortly after metaihor- 
phosis. Although drawn by van Beneden and Julin, the illus- 
tration is a part of one reproduced from Willey’s treatise, and 
the lettering in the latter is intentionally preserved. The 
water enters ///, the mouth, is tested by ////, the hypophysis, i.e., 
the pituitary body, and the latter, as clearly show’n, is in 
immediate contact with y, the ganglion. 

This affords additional testimony in another direction. 
In the first volume I stated that the pituitary body w'as not only 

^ Julin: “Recherchea sur rorRanfs. doa aacidlea simples,” Archives de blol., 
vol. II. pp. 59, 211, 1881. . 

“Lloyd Aiidriezon: Lw. cit. 
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connected with the adrenals, but also that the fibers from the 
former organ ultimately reached the latter by a direct nerve 
path, even though the adrenals were located in so remote a posi- 
tion as above the Ividneys, i.e., amongst the abdominal viscera. 
In Fig. 2, vn, the visceral nerve (which, with the ganglion, rej)- 
resents the animaFs entire central nervous system), as may be 
seen, extends from the ganglion, to inty the intestines. 
Benedin and Julin allude to this nerve as tlie cordon ganglion- 
naive visceral, or “visceral ganglionic cord,” which starts “from 
the posterior end of the adult cerebral ganglion, ami, proceed- 
ing along the dorsal side of the pharynx above the dorsal 
lamina, becomes lost among the viscera” (Willey”). Huxley 
and Martin,^® moreover, refer to the “patch of sensiferous 



Pia. 2.— OSPHRADIUM OR TEST-ORGAN OP A YoUNG ASCIPIAN. 

m. Mouth. Hypophysis (Pituitary), the test-orgau. Ganglion, md, Endo- 
style (future thyroid), Future gill-slits, rw, Vlseeral nerve. 

Intestine. {Drawn after van JJcnvdcn and Julin.) 

epithelium in the roof of the inhalant sijihon” or test-orgau 
(Tjankester’s osphradium) as being “immediately coniuKdetr- 
with “the parieto-splanchnic ganglion.” We have seen that 
the abdominal main path to the adrenals is the great splanch- 
nic nerve. Tt is evident, therefore, that even in so low a 
group as Mollusca, which includes the bivalves, shell-fish, clams, 
oysters, mussels, etc., the univalves, snails, periwinkles, etc., 
and the cuttle-fishes, squids, octopi, etc., though supplied with 
very limited nervous systems, the fundamental nerve structure 
or cephalic ganglion is intimately connected with the hypo- 
physis or pituitary body — an early prototype of the system I 
have traced in man. 

•Willey: Lor. Hi., p. 224. 

'•Huxley and Martin: “Practical niology," p. 312, 1892. 
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A confusing feature of the whole problem has served 
greatly, however, it seems to me, to obscure our knowledge of 
the functions of the pituitary body. We have seen that the 
osphradium, the patch of epithelial cells forming Spengel’s or- 
gan, and to which water-testing functions have been ascribed, 
is referred to by various zoologists as an olfactory organ. 
Again, the .pituitary body, as we know, is connected with, and 
forms part of, the infundibulum in craniate Vertebrates. The 
uniformity of this anatomical relationship obviously suggests a 
functional connection between them, especially since, in the 
course of its embryological development, the pituitary becomes, 
in most forms, detached from the mouth to actually fuse with 
the infundibulum — evidently a purposeful step. Von Kupp- 
fer'^ having found the homologuc of the olfactory organ of 
Amphioxus in a region quite remote from the infundibulum in 
craniate Vertebrates, concluded that there could be no relation 
between them, and that the olfactory organ of Amphioxus was 
the homologue of the median rudimentary lobe of the embryo 
which ultimately becomes the true olfactory lobe, t.c., that con- 
nected with the sense of smell. 

Von Kuppfers view, which has been accepted by a num- 
ber of investigators, though apparently poised on a sound 
foundation, is invalidated by the fact that he assumes that 
there exists but one structure supplied with specific olfactory 
cells', whereas the nature of the functions of the osphradium in 
mollusks, and the corresponding test-organ in Ascidians, Am- 
phioxus, etc., and other facts, clearly suggests that there may 
be two. This important question can only be settled by show- 
ing that in the higher mammals there exists, besides the olfac- 
tory lobe of the organ of smell, another region supplied with 
olfactory cells and intimately connected with the pituitary 
body. l.^hat such is actually the case is shown by the follow- 
ing facts: — 

Nearly forty years ago, Peremeschko’^ described a trans- 
verse slit, or cavity, between the glandular elements of the an- 
terior lobe of the pituitary and the partition which separates it 
from the posterior lobe. This cavity was found by him to be 


“ Von Kuppfer: Archiv t. mikr. Anat., Bd. xxxv, S. 469, 1890. 

>> PcrcmoBchko: Virchow's Archiv f. Anat. u. Pbys., Bd. xxxvlti, S. 329. 1867. 
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lined throughout in man with ciliated epithelium. Wilhelm 
Miiller^® also found that the internal wall of this slit, forming 
part of the interlobular partition, was lined with this epithe- 
lium. Cadiat^^ and others have since confirmed these observa- 
tions — all made, however, before the more advanced histolog- 
ical methods had been developed. Keecntly this region ot the 
pituitary body was studied by Qentes,^® by the Golgi method, 
in the higher mammals, namely, the cat and dog. He found 
that the anterior lobe was, in reality, composed of two parts, the 
glandular and neural, the latter forming the inner wall of the 
partition between the two lobes. 1'he epithelium revealed by 
ordinary stains was shown, by the Golgi method, to contain in- 
terstiees penetrated throughout by sensory cells, each cell send- 
ing broad processes to the free surface and into the depths of 
the epithelial layer. The latter’s structure, he states, recalled 
exactly that of the olfactory area of the nasal mucous membrane. 

The value of these observations is enhanced by the fact 
that Oent^js does not refer to the researches of zoiilogists, whose 
labors, of course, were beyond his normal field. Wc thus have, 
in his work, an independent confirmation of the e.vistcnce in the 
pituitary body of the higher mammals, of a structure totally 
independent of the organ of smell, and which, even in the lowly 
inollusk, has been accorded the rank of a protective organ — pre- 
cisely that recognized by Spcngcl in Ascidians, i,e., to ‘^test the 
respiratory fluid/' 

One of the functions I have ascribed to the fiituitary body 
of man is none other than this, namely: to detect any toxic sub- 
stance that may be present in the blood, the organism’s oxygen 
carrier and, therefore, its respiratory -fluid, after the water- 
vascular system has become a blood-vascular system. 

As we will see farther on, this harmonizes with the phylog- 
eny and embryology of both lobes of the pituitary body. 

Drugs, toxins, venoms, toxic fihysiological wastes, etc., as- 
sume, under these conditions, the position of foreign elements 
in the blood-stream. On the other hand, the presence in the 
human pituitary body of nerve-cells recalling those of an organ 

Wilhelm Mailer: Jenalache Zeit. f. Naturw., Bd. vll, S. 327, 1873. 

Cadiat: “Anatomle G6n6rale,” cited by Gu^pln, Tribune m4dlcale, Dec. 
10. 1S91. 

»GentdB: C. r. de la Soc. de biol., T. Iv. p. 100. 1903. 
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capable of reacting to innumerable kinds of odoriferous emana- 
tions and therefore to the immeasurably small particles of which 
they are composed, explains why the body responds actively to 
the influence of so many of these toxics and why so minute a 
dose of a given remedy, Vooo K^ain (0.0001 gramme) of aconi- 
tine, for example, or an equally diminutive quantity of vaccine 
virus can evoke, in the human organism, such marked phenom- 
ena as those observed. 

It is evident, therefore, that we are dealing, in. this con- 
nection, with the foundation of the organism’s auto-protective 
mechanism — one indeed, as I have stated in the first volume 
(and as will be further emphasized in the present one), whose 
beneficial influence we can, through our remedies, govern at will. 
But 1 also pointed out therein that it was through the inter- 
mediary of the oxidizing substance — adrenoxidase — that this 
influence was exercised. How is the distribution of this all- 
important substance governed, Lc,, hastened or retarded? If, 
as I hold, the pituitary body is a structure through which dis- 
ease may be controlled, what constitutes within its precincts the 
keyboard — using Jacques Loe])’s comparison — which we, as art- 
ists, must utilize to attain this object? 

The puriiosc oC this cliapter is to answer this question. 

THE IMTUITAIIY BODY AS A NERVE-CENTER. 

Ill the first volume, I ascribed to the pituitary body the 
function of a general nerve-center. While urging that it was 
the anterior lobe of this organ which carried on the function 
referred to in the preceding section — that of ‘H(?st-organ” — 
owing to its identity as the governing center of the adrenals, 
1 iield that the posterior or ^^neurar’ lobe, which is linked 
with the anterior, and connected by its pedicle with the base 
of the brain, was the primary source of certain motor impulses 
now thought to originate in the bulb or medulla oblongata. The 
anatomical relations of the two organs to which I attribute such 
commanding importance is well shown in the illustration on 
page in the ascidian. The ganglion adjoined to the pitui- 
tary body hy, is not merely the cell-body of a neuron, as the term 
implies; ns stated by Jacques Ix>eb;’" ^Mn ascidians the central 


Jacques Loeb: "Comp&rat. Physiol, of the Brain,” p. 35, 1902. 
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nervous system consists of a central ganglion.-’ It is^ in other 
words, the source of all motor impulses transmitted to the 
•various organs of these animals. 

In the higher Chordata, which include all vertebrates — 
fishes, amphibians, reptiles, birds and mainmaLs and, therel'ore, 
man — the anatomical relations remain the same as in the Ascid- 
ians. Thus, as stated by Parker and ilaswell^^ in reference 
to the development of the pituitary is this phylum: “The floor 
of the diencephalon grows downward into a funnel-like pro- 
longation, the infundibulum: wdth this the pituitary diverticu- 
lum of the pharyn.x comes into relation, and tliere is formed 
partly from the dilated end of the divcidiculiim, partly from the 
extremity of the infundibulum, a gland-like structure, the pitui- 
tary body or hypophysis, always situated immcdialrJji in front 
of the anterior extremity of the notochord/" In other words, 
from the lowly Ascidian, which represents one of the sim])lcst 
organisms classed among the Chordata, up to man, the pituitary 
body is connected with, and forms part of, the upper ext(msion 
of spinal cord in the base of the brain. Its infundibular exten- 
sion, as is well known, is the neural or posterior lobe of the pitui- 
tary, wliich is separated from tlic anterior or “glandular” lol)e by 
the partition in which the “test-organ” is embedded. 

That the pituitary body fulfills important functions in the 
liigher animals as well as in the lower forms is strikingly sug- 
gested by the results that follow removal of the organ, espe- 
cially when it is fully developed, as in adult animals. 

Marinesco'* trephined the bone underlying the organ and 
destroyed the latter by cauterization in cats. I’wo rlied almost 
immediately; two twenty-four hours later, one lived four days, 
another five days, and the last eighteen days. No cause for 
death could be found other than the destruction of the pituitary. 
Dastre’** performed similar experiments. All the animals died. 
Alluding to Marinesco’s experiments and to others hy Vassale 
and Sacchi,^® Schafer states that the symptoms observed were: 
“(1) diminution of tlie body temperature; (2) anorexia Jind 
lassitude; (3) muscular twitchings and tremors developing 


” Parker and Ilaawell: “T. B. of ZodloRy/’ vol. 11, p. 9#i, 1897. 

Marlnesco: Bull, de la Soc. de biol., June 4. p. 509, 1892. 
“Dastro: Rlchrt's “Diet, de physiol.,” vol. I, p. 109, 1895. 
^Vaasale and Sacchl: Arch. Ital. dc blol., vol. xxll, p. 123, 1895. 
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later inito spasms; (4) dyspnoea/’ In their original article^ 
Vassale and Sacchi mention an instance in which the pituitary 
was only partially destroyed; although the characteristic phe- 
nomena followed and lasted about three weeks, the animal 
recovered and remained healthy eleven months. The incomplete 
destruction of the organ was then confirmed. They state that 
animals die promptly after a complete operation. Andriezen*' 
says that destruction of the pituitary causes apathy and psychi- 
cal depression, marked relaxation of the muscular system, and 
muscular spasm. Co-ordination and equilibrium arc greatly im- 
paired. The temperature becomes abnormally low; nutrition is 
reduced; cachexia supervenes and death follows. Caselli®* after 
removal of the gland in young animals observed cachexia, glyco- 
suria, and death. Pirrone'-'® ascertained experimentally, among 
other facts, that “the results of the suppression of its functions 
are disturbances of mobility, great depression, rapid emaciation, 
cachexia and death.” He was also led to conclude that ^‘al- 
though the exact functional mechanism of this gland is not as 
yet well understood, it is evident that it is of the greatest im- 
portance to the economy,” and furthermore, tliai “although a 
partial lesion is compatible with existence, its total removal 
irrevocably leads to death.” Kroiilcin and Von Kisclsberg^* de- 
stroyed the pituitary body in cats. The procedure invariably 
proved fatal. Friedmann^® removed the organ from several 
kittens from 3 days to 10 weeks old. All died except one, which 
showed “an insignificant staggering” and lived two and one-half 
months. With Maas®® the same observer also removed the pitui- 
tary in eighteen animals. Twelve died in from one to thirteen 
days; two died of complications; three which continued to live, 
were found still to possess a part of their organs; the remaining 
one, notwithstanding complete removal, lived three and one-half 
months; after which it was killed. Death might be ascribed, 
in these younger animals at least, to the severity of the operative 
procedure adopted, since, as I have stated in the first volume, 

^Andrlezen; Brit. Med. Jour., Jan. 13, 1894. 

Casein : “Studil anat. e spcrlm. sulla fislo-pat. della glandula pltul- 
tarln,*' 1900. 

**Plrrone: La rl forma mcdlca, Feb. 26, p. 205, 1903. 

" Krdnlein and Von Elselsberg: Trans. German Surgical Assoc., Apr. 6, 
pp. no, 111, 1904. 

“ Friedmann: Berliner kiln. Woch., May 12, p. 436, 1902. 

"Friedmann and Maas: Ibid., Dec. 24, p. 1213, 1900. 
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the thymus fulfills to a certain extent the functions of the ad- 
renal system until the organs composing the latter are devel- 
oped. Very young mammals correspond with tlie lower verte- 
brates (toads, frogs, etc., for instance) in this particular, ilie 
morbid effects of removal growing in intensity as the liigher 
mammals are reached. 

The most decisive experiments, however, were performed by 
Masay,*’ whose object was to ascertain whether all the animals 
did not die owing to the severity of operation. After removing 
a disc of bone 6 millimeters in diameter from beneath the pitui- 
tary body of two dogs, he rapidly destroyed the organ witli 
thermocautery. The next day both animals were profoundly 
asthenic and unable to stand, while spasmodic twitch ings and 
‘‘convulsive trembling” occurred. On the third day, these phe- 
nomena became more marked; coma su|)crvened, and the ani- 
mals died, ^rhe pituitary body was found cauterized in both 
animals and congestion of the nerve-centers was noted. In a 
third dog, the same procedure was resorted to, but in two sttiges. 
The pituitary body was cxixised as in the two other instances, 
and the animal allowed lo recover. Two secondary luemorrhages 
and marked hypertliermia occurred, but a week later all signs 
of discomfort had disapj)cared. The pituitary was then destroyed 
with galvano-cautery. On the following day, the symptoms ob- 
served in the two other dogs appeared, viz., marked asthenia, 
with occasional paroxysms of muscular spasm or very violent 
convulsions, hypolliermiay and “very rapid” heart beat. 1"hey 
became gradually more intense, and the lethal course observed 
in the other animals followed. 

It is when the fatal infiuence of removal of the pituitary 
body is compared with the effects of removal of the brain that 
the functional importance of the former organ asserts Itself. 

Beginning with the lower vertebrates we have Wilberts 
frog,** which lived five years after removal of its cerebral hemi- 
spheres. “During all this period the animal never once showed 
signs of any initiative, its only movements being very slight 
and attributed to muscular ennui, like that of persons asleep. 
The eyes, optic nerves, and optic lobes of the brain were unin- 

^Masay: Ann. de la Soc. roy. da arl. m^d. et nnt de Bruxelles, T. xli, 
Fasc. 3. p. 1, 1903. 

« Wilbur: Amer. Med., Jan. I, p. 6. 1905. 
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jured, and the animal could evidently see, but without under- 
standing. The most attractive frog food put before it was ab- 
solutely unnoticed, and it lias been fed every day for live 5^ears 
by an attendant, who would open its mouth, and with force 
push a bit of fresh meat or fish far enough back into its throat 
to arouse the reflex mechanism of swallowing. If touched, it 
would move or leap; if placed in water, it would swim until 
some support was reached; if turned upon its back, it would 
promptly and vigorously right itself. 

In a higher vertebrate, the pigeon, the results arc the same. 
^^The results of ablation of the cerebral hemispheres in pigeons,^^ 
says Schafer,-® “have been described in great detail by Rolando, 
Flourens, Longet, Viilpian and others. A pigeon so mutilated 
continues able to maintain its equilibrium and to regain it 
when disturbed. When placed on its back, it succeeds in regain- 
ing its feet. When pushed or pinched, it marches forward. 
Should it liappen to step over the edge of the table, it will flap 
its wings until it regains a firm basis of support. When thrown 
in the air, it flies with all due precision and co-ordination. Left 
to itself, it seems as if plunged in jirofound sleep. From this 
state of repose it is easily awakened by a gentle push or pinch, 
and looks up and opens its eyes. Occasionally, apparently with- 
out any external stimulation, it may look up, yawn, shake itself, 
dress its feathers with its beak, move a few steps, and then settle 
down quietly, standing sometimes on one foot and sometimes on 
both. Should a fly happen to settle on its head, it will shake 
it off. If ammonia be held near its nostrils, it will start back. 
Should the finger be brusquely approximated to its eyes, it will 
wink and retreat. A light flashed before its eyes will cause the 
pupil to contract; and if a circular motion be made wdth the 
flame, the animal may turn its head and eyes accordingly. It 
wfill start suddenly and open its eyes widely if a pistol be dis- 
charged close to its head.” 

In the higher marninals, the absence of the influence of the 
brain on the life processes is none the less evident. Goltz’s 
world-renowned dog which lived eighteen months after its brain 
(including part of the optic thalami and corpora striata) had 
been removed piecemeal, affords a striking example of this fact. 

» Schafer; hoc. cit., vol. 11, p. 700. 
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It walked about, curled itself up wlien about to sleep, reacted 
promptly to tactile impressions, thus showing that the sensory 
mechanism was not destroyed; it snarled and barked, withdrew 
its feet when these were placed in cold water, recovered its 
ecpnlibrium when its feet were placed on the falling llap of a 
table; limped when one of its legs was aciddentaliy hurt; re- 
jected and showed dislike for meat rendered hitter with (juiniiie, 
and refused more food when satiated. 

Thus, in animals that live long enough after complete 
destruction of the pituitary body, morbid plienomena occur 
which j)oint clearly to disturbance of cardinal vegetative func- 
tions, as shown by dyspnova, hypothermia, rapid emaciation, 
asthenia, staggering, impairment of co-ordination and equilib- 
rium, cachexia, spasms, convulsions and death. Removal of 
the hemispheres, on the other hand, disturbs in no way these 
fumdions — sensory or motor — thus showing tliat even in ihe 
higher mammals, all purely automatic functions, oxygenation, 
circulation, digestion, nutrition, locomotion, general sensibility, 
etc., arc absolutely independent of the cerebrum. Indeed, 
Soury,^'^ referring to the cortex, remarks: “The experinumts of 
Steiner, Goltz, and Schrader show that the existence of this 
organ is not necessary in the performance of ])sychical func- 
tions considered in general as inferior'' .... “It is the organ 
for superior ])sychical functions termed memory, association of 
ideas, acquired experience and reflection.” 

That the pituitary body is the seat of functions now gen- 
erally attributed to the cerebral cortex is evident. 

While experiments in animals, clinical and post-mortem 
observations have shown the existence in the cortex of ar(*as 
which have been called “motor” because motor effects were elic- 
ited on stimulating them, this term is used merely for want of 
a better one and is not regarded by physiologists as necessarily 
meaning that the impulses transmi tiled from the cortex aro 
necessarily “motor’^ in the sense usually given this word. “The 
terms ^motor area’ and ^niotor center,’ ” says Schafer,'*' “are liere 
used to imply those portions of the cerebral cortex which aro 
directly connected by efferent projection fibers with the lower 

*®Soury: “Systftme nervoux central,” T. I, p. 635. 1899- 

" Sch&fer: hoc, cit, vol. li, p. 722. 
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jured, and the animal could evidently see, but without under- 
standing. The most attractive frog food put before it was ab- 
solutely unnoticed, and it has been fed every day for live years 
by an attendant, who would open its mouth, and with force 
push a bit of fresh meat or lish far enough back into its throat 
to arouse the reflex mechanism of swallowing. If touched, it 
would move or leap; if placed in water, it would swim until 
some support was reached; if turned upon its back, it would 
promptly and vigorously right itself.^^ 

In a higher vertebrate, the pigeon, the results are the same. 
“The results of ablation of the cerebral liemisphcres in pigeons,^’ 
says Schafer,-" “have been described in great detail by Ilolando, 
Flourens, Longet, Vulpian and others. A pigeon so mutilated 
continues able to maintain its equilibrium and to regain it 
when disturbed. When placed on its back, it succeeds in regain- 
ing its feet. When pushed or pinched, it marches forward. 
Should it liappen to step over the edge of the tiible, it will flap 
its wings until it regains a firm basis of support. When thrown 
in the air, it flies with all due precision and co-ordination. Left 
to itself, it seems as if plunged in profound sleep. From this 
state of repose it is easily awakened by a gentle push or pinch, 
and looks up and opens its eyes. Occasionally, apparently with- 
out any external stimulation, it may look up, yawn, shake itself, 
dress its feathers with its beak, move a few steps, and then settle 
down quietly, standing sometimes on one foot and sometimes on 
both. Should a fly liappen to settle on its head, it will shake 
it off. If ammonia be held near its nostrils, it will start back. 
Should the finger be brusquely approximated to its eyes, it will 
wink and retreat. A light flashed before its eyes wdll cause the 
pupil to contract; and if a circular motion be made wdth the 
flame, the animal may turn its head and eyes accordingly. It 
will start suddenly and open its eyes widely if a pistol be dis- 
charged close to its head.” 

In the higher mammals, the absence of the influence of the 
brain on the life processes is none the less evident. Goltz’s 
world-renowned dog which lived eighteen months after its brain 
(including part of the optic ihalami and corpora striata) had 
been removed piecemeal, affords a striking example of this fact. 

» Scta&fer: hoc. cit, vol. 11, p. 700. 
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It walked about, curled itself up 'when about to sleep, reacted 
promptly to tactile impressions, thus showing that the sensory 
mechanism was not destroyed; it snarled and barked, withdrew 
its feet when these were placed in cold water, recovered its 
equilibrium when its feet were placed on the falling llap of a 
table; limped when one of its legs was accidentally hurt; re- 
jected and showed dislike for meat rendered bitter with quinine, 
and refused more food when satiated. 

Thus, in animals that live long enough after complete 
destruction of the pituitary body, morbid phenomena occur 
which j)oint clearly to disturbance of cardinal vegc^tative func- 
tions, as shown by dyspnoea, hypothermia, rapid emaciation, 
asthenia, staggering, impairment of co-ordination and ccjuilib- 
rium, cachexia, spasms, convulsions and death. Tlcmoval of 
the hemispheres, on the other hand, disturbs in no way these 
functions — sensory or motor — thus showing that even in the 
higher mammals, all purely automatic functions, oxygenation, 
circulation, digestion, nutrition, locomotion, general sensibility, 
etc., are absolutely inde])endent of the cer(»l)rum. Indeed, 
Soury,***^ referring to the cortex, remarks: ‘‘The expen'inumts of 
Steiner, Goltz, and Schrader show that the existence of this 
organ is not necessary in the performance of ])sychical func- 
tions considered in general as inferior/* .... “It is the organ 
for superior psychical functions termed memory, association of 
ideas, acquired experience and reflection.^’ 

4'hat the pituitary body is the seat of functions now gen- 
eraHy attributed to the cerebral cortex is evident. 

While experiments in animals, clinical and post-mortem 
observations have shown the existence in the cortex of ar(*as 
which have been called “motor” because motor clfects were elic- 
ited on stimulating them, this term is used merely for want of 
a better one and is not regarded by physiologists as necessarily 
meaning that the impulses transmit! ted from the cortex are 
necessarily “motoi*” in the sense usually given this word. “The 
terms ‘motor area’ and ‘motor center,’ ” says Schafer,”^ “are here 
used to imply those portions of the cerebral cortex which arc 
directly connected by efferent projection fibers with the lower 

Soury: **SyBtdme nerveux central,” T. 1, p. 635. ISSft. 

Schftfer: Loc. cl/., vol. 11, p. 722. 
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level centers (spinal cord, bulb and midbrain) from which im- 
pulses producing voluntary muscular action emanate.” Again^ 
“the application of the terms ‘motor^ and ‘sensory’ must be 
used rather for purposes of convenience than with a view to a 
rigid definition of function.” 

Foster^^ says, however, in this connection: “The simplic- 
ity of the electrical phenomena resulting from cortical stimula- 
tion which we described, might at first sight lead us to conclude 
that the whole matter was fairly simple; and indeed, some 
writers appear to entertain the conception that in a voluntary 
movement such as that of the fore-limb, all that takes place is 
that the ‘will’ stimulates certain cells in the cortical area, causr 
ing the discharge of motor impulses along the pyramidal fibers 
connected with those cells, and that these impulses' travel 
straight down the pyramidal tract to the motor fibers of the 
appropriate nerves, undergoing possibly some change at the 
place in the cord where the pyramidal fiber inakas junction with 
the fiber of the anterior root, but deriving their chief if not 
their whole co-ordination from the cortex itself, that is to say, 
being co-ordinated at the very starting-point.” Tie character- 
izes this view as “untenable,” and the simplicity of the elec- 
trical phenomena as “misleading.” 

This obviously suggests that voluntary impulses are not 
themselves motor impulses, but stimuli which awaken, such im- 
pulses in the spinal system. Indeed, referring to the experi- 
mental removal of both hemispheres in pigeons, Foster re- 
marks:®® “In this warm-blooded animal, as in the more lowly 
cold-blooded frog, the parts of the brain below and behind the 
cerebral hemispheres constitute a nervous machinery by which 
all the ordinary bodily moveracnts may be carried out. The bird, 
like the frog, suffers no paralysis when its cerebral hemispheres 
are removed.” The pituitary body evidently forms part of this 
region: “Until recently,” writes AVilley,®'* “it was generally 
thought that the infundibulum [the pedicle of the pituitary 
body] represented the anterior end of the brain, which had be- 
come bent downward and backward. Kuppfer has brought 
forward weighty reasons for doubting this. According to him, 

“ Foster: Loe. cit, p. 680. 

“Poster: Loc. <Ht., p. 641. 

“Willey: “Amphloxus and the Ancestry of the Vertebrates/' p. 283, 1894. 
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the infundibulmn is essentially a down-growth or evagination 
from the floor of the brain, occurring behind the anterior termi- 
nal extremity of the brain." 

The functional relationship between the brain proper and 
this region below it is clearly defined in Foster’s statement’*^ 
that ^^on those the [cortical] motor area must have its hold as on 
the spinal mechanisms/' M. DuvaP® also identifies the char- 
acter of the antcro-lateral tracts themselves as extensions of the 
brain per se when he says: ^‘When the aiitero-lateral columns 
arc alone severed, voluntary action is abolished in the portion 
of the cord below the section. Evidently," he adds, ^^tlie antero- 
lateral columns serve at least in great part to transmit the orders 
of the will; they ■ establish a communication between the cere- 
bral centers and the gray substances of the spinal cord/' 

The limits of this gray substance are apparently restricted 
to the spinal cord, judging from Duval’s conclusion; but he 
gives the organ its true functio:nal field when he also says:“^ 
^‘While the anatomist locates the upper limit of the spinal cord 
on a level with the occipito-atloidean articulation, for the physi- 
ologist it extends into the interior of the cranium .... about 
up to the sella turcica" — the bony pedc'stal, wc know, of the 
pituitary body. 

These facts plainly suggest (1) that the pituitary body 
fulfills in the higher mammals as important functions ns a nerve- 
center as the central gaiujiion does in the lower Chordata; (2) 
that it influences very markedly all the cardinal functions: 
respiration, oxygenation, nutrition, metabolism and locomotion; 
and (3) that it is the source of automatic motor impulses now 
believed to arise from the cerebral cortex, 

NERVE-PATHS FROM THE PITUITARY TO THE SPINAL CORD. 

The evidence submitted in the roregoing section indicates 
that the pituitary body must be connected with the spinal cord 
by nerve-paths. As the spinal cord was shown to extend up to, 
and include, the infundibulum, which in turn terminates as the 
neural lobe of the pituitary, it becomes only a question whether 
the portion,of the cord which extends above the bulb or medulla 

Foster: Loc. cit., p. 688. 

Duval: “Cours de physlologle,’* seveuth edition, Paris, 1892. 

87 Duval: IbitL, pp. 40 and 78. 
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oblongata contains such patlis. Not only has their presence in 
this location been ascertained by various investigators, but it 
has been shown that the basal structures to which they are dis- 
tributed are connected directly with the pituitary body by 
nerves, both of its lobes receiving an abundant supply. 

Over twelve years ago Andriezen*'*^ referred to the posterior 
or neural lobe as “little beyond a neuroglia remnant.’^ I have 
since pointed out'*® however, that neuroglia is not a mere retic- 
ulated framework of connective tissue, as now believed, and have 
adduced evidence showing (bat it differs from tlie latter both in 
its origin and chemical properties; that it originates from blood- 
vessels and penetrates into nerve-cells. Aiidriezen himself'® 
described neuroglia-cells connected with bloodrvcssels, i.e., 
^^ensheathing the vessels of the brain” — the jmrpose of these 
cells being, in his opinion, to prevent undue expansion of the 
cerebral vessels. 11ie view of Golgi, Clouston and others that 
neuroglia supplies nutrition to the nerve-cells; the many allu- 
sions to the ^^ehromatin,” ‘^pigmentation, ” “granules,” etc., of 
these elements, now found in the literature of the subject; 
llevan Lewis’s belief that neuroglia-cells arc “lymph” channels, 
further sustain the vicnv I advanced four years ago, viz., that 
while neurofjUa fibers are minulcs capillaries (which do not stain 
like ordinary vessels, owing to their covering) that carry plasma 
laden with oxidizing substance (adrenoxidase) to the neurons, 
their terminals in the latter being the neuro-fibrils which pene- 
trate the cell-body by way of its dendrites, the neurotjlla-rells 
govern the qmniiiy of lliis substance admitted into the true 
nerve-“cells,” Le., the neurons. 

Interpreted from this standpoint, the wealth of neuroglia 
and neuroglia-cells in the posterior pituitary indicates, not that 
it is practically a useless and vestigial organ as Andriezen and 
others believe, but precisely the opposite, viz., that it is a very 
highly differentiated organ. This accounts for the fact that 
Berkley,^^ referring to the prevailing view that the true nervous 
elements almast entirely disappear in the neural lobe of the 
adult mammal, remarks, after examining about 2500 slides 

“•Andriezen: Lor. rlt. 

Cf. vol. 1, pp. 539 to .•>91, Incl. 

**• Andriezen: Intern. Monats. f. Anat. u. Physiol., vol. x, p. 532, 1893. 

Berkley: Brain, vol. xvll, p. 515, 1894. 
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of this lobe^ ^^After reading these statements, it was something 
of a surprise to find the above-described beautiful specimens 
of several types of ependymal neuroglia-cells, extending from 
all portions of the middle and inferior regions of the cavity 
of the third ventricle,^* He also found in the posterior lobe 
itself, an array of nerve-cells of various types, some of which an? 
very complex and evidently specific to the organ, being fouml 
nowhere else in the body. Many of these are rej) rod need and de- 
scribed in the first volume (opposite pages 495, lOO and 498). 

It is not only the neuroglia-cells that communicjite with the 
third ventricle, however. As stated above, ea(?h lobe is supplied 
with true nerve-fibers which connect it with the basal structures. 

Several older anatomists, Sappey, Luschka, Muller, etc., 
refer to the pn'sence of longitudinal nerves on the surface of 
the infundibulum, the pedicle of the pituitary, which nerves 
were found to extend up to the third ventricle; but it was only 
when the Golgi silver stain methods were introduced that this 
question (*ould be studied satisfactorily. 

liarnon y Cajal,**- who studied the subject in the mouse, 
traced a direct communication between the basal tissues and 
the anterior lobe. In the basal tissues, the cell-bodies were 
found in a ^"^niass of gray mailer behind (lie optic chiasmf^ i.e,, in 
the anterior extremity of the third ventricle, while their neurax- 
ons passed downward towards the pituitary. Van Gehuchten^® 
says in this connection, referring to Cajal’s researches: ^^I'hese 
fibers represent the axis-cylinders of a group of nerve-cells situ- 
ated behind the optic chiasm. Several of these fibers end in the 
thickness of the pituitary^s pedicle; others penetrate between 
the epithelial cells of the anterior or glandular portion of the 
pituitary.’^ Berkley^^ also found nerves in this lobe, the fibers 
among the epithelial cells ending, as shown in the illustration 
opposite page 498 (vol. i, figure 1) in the shape of small knobs. 
Andriezen’s researches, a.^ had those of Cajal, showed that the 
anterior lobe had ^^anatomical connection with the brain floor,” 
and that the ^^development of a small specialized group of nerve- 
cells in the basal part of the brain cavity (thalamocoel) with 


Ramon y Cajal: Anales de la Soc. pspaAola de hist, nat., 2a Ser., vol. 
xxlll, p. 214. 1894. .. , „ 

Van Gehurhten: “Anat. du systdme nerveux, vol. il, p. 239, 1900. 

** Berkley: Loc. cit. 
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which the subneural gland [the anterior lobe] came into rela- 
tionship. The central canal of the spinal cord, traced forward 
into this region, was seen to undergo dilatation into a distinct 
ventricle.” The far-reaching meaning of this statement asserts 
itself when it is recalled that Andriezen^s researches include the 
whole of the animal scale from amphioxus, tlie lowest of verte- 
brates, to man. They indicate that simultaneously with the 
evolution of the pituitary there occurred not only that of the 
special group of cells intended to connect the organ with the 
base of the brain, but also that of the third ventricle. 

Eamon y Cajal found that the posterior or neural lobe of 
the pituitary was filled with a close and thick plexus of fine 
varicose fibers, wliich ramified among the nerve-cells. liongi- 
tudiiial sections showed that these fibers were ‘Terminal arbori- 
zations of a bundle which* passes downward into the infundi- 
bulum.” Other fibers were observed to pass upward from the 
organ by way of its epithelial walls and to terminate in a mass 
of gray matter located behind the optic chiasm.” “Downward” 
and “upward” obviously suggest the presence of sensory and 
motor paths to and from the neural lobe. 

Of particular interest in this connection is a set of nerves 
shown to exist by Gentes.^® This observer, who found that the 
partition between the tw^o lobes contained a layer of cells histo- 
logically similar to the olfactory area — which layer I assimilate 
to the test organ — recently studied this structure anew with a 
view to tracing its connections. He was again led to the con- 
clusion that it was an epithelial structure “in no way glandular 
and the nervous end-organs of which were sensitive or sensory,” 
as to histological structure. In a still more recent study, Gen^- 
t(is^® traced these connecting fibers from the sensory organ re- 
ferred to, up to the tissues of the base of the brain. He says, 
in this connection: “Originating by free end-organs in the epi- 
thelial juxta-nervous layer [the sensory organ], they reach the 
sub-epithelial layer. They then enter the neural lobe and run 
through it in every direction. Following an ascending direction 
they go towards the organ’s pedicle and soon form part of it; 
they can be followed up to tlie level of the tuber cinereum/' 
i.e., the tissues that form the floor of the third ventricle. 

"Qontfta: C. r. de la Sec. de blol., T. Iv, p. 336, 1903, 

"GentOs; /Md., p. 1660. 
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This affords a clear idea of the connection between the sen- 
sory structure (or test-organ) in the partition between the an- 
terior lobe and how the impulses it awakens pass up to the third 
ventricle. 

We thus have clearly defined paths from each pituitary 
body to tissues of the base of the brain: (1) tlic fibers from 
the anterior or glandular 'lobe communicating with the ‘‘mass 
of gray matter behind the optic chiasm;” (2) one set of fibers 
from the posterior or neural lobe communicating also with this 
mass of gray matter; and (3) the fibers from the neural lobe 
derived from tlie test-organ which pass up to the tuber cinercum 
forming tlie floor of the tliird ventricle. 

The structures in the base of the brain with wliich the 
pituitary is connected l)y these nerve paths are themselves the 
source of large numbers of fibers, a large proportion of which 
pass posteriorly to the midbrain, a region which, as stated by 
Edinger/^ is “occupied mostly with longitudinal bundles, tracts, 
and fasciculi to the spinal cord and to the cerebellum.” This 
applies especially to the “mass of gray matter behind the optic 
chiaam” which receives fibers from both lobes — an important 
feature of the third ventricle in all vertebrates. Lying imme- 
diately above the infundibulum, and therefore just above the 
])iiuitary itself, it is termed by comparative anatomists, the 
“giant-celled supra-infundibular nucleus.” In amphibians, rep- 
tiles and birds, it extends on each side of the ventricle, and 
fibers derived from it (the supra-infundibular decussation) pro- 
ject posteriorly, i.c., towards the bulb, T.n mammals, the supra- 
infundibular nucleus is likewise the starting-point of various 
bundles, e.g., Meynert’s commissure, for instance, which does 
not degenerate when the cortex is removed but the destination 
of which is unknown; Gudden’s commissure, the fibers of which 
pass to the posterior corpora quadrigemina ; the cerebellum, etc. 
It is also connected with structures anterior to it by motor and 
sensory fibers in Telcostei, as shown by Van Gehuchten recently. 
It projects two prominent bundles which spread out on the walls 
and floor of the third ventricle, thus contributing to the forma- 
tion of the “central gray matter” of the base of the brain, a 
region which Foster^* characterizes as “a bed for the develop- 

Edlngcr: *‘Anat. of Central Nerv. System,’* Amcr. edition, p. 124, 1899. 

^ Foster; hoc, cit., pp. 635 and 636. 
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rneiit of the nuclei of the cranial nerves” and a continuation 
of the tegmental region, which he says ^^may perhaps be re- 
garded as a more or less continuous column of gray matter, 
(‘omparable to the gray matter of the spinal cord,” and which 
“serves as a sort of backbone to the rest of the central nervous 
system/' 

The libers traced by (lOntes from* the area of sensory cells — 
in the anterior pituitary which I assimilate to the “t('st organ” 
of lower forms — to the fiosterior lobe and thence to the tuber 
cinercuin, are likewise merged with libers which are projected 
to this “bed for the development of nuclei,” since the tuber 
cincrciim is necessarily traversed by fibers which Andriezen,^*^ 
using the silver chromate method in fcetal and newborn kittens, 
traced '‘directly from the posterior pituitary to far hack towards 
the pons/' which lies immediately above the medulla oblongata 
and contains the nuclei referred to. Whether originating from 
the anterior or posterior pituitary, therefore, the nerves which 
connect these organs with the base of the brain find therein l)oth 
indirect and direct paths capable of transmitting their impulse's 
to the spinal cord.* 

Still, as is well known, the pons is a bridge for the passage 
of impulses, afferent and efferent, which travel between various 
parts of the nervous system, including the cerebrum. Motor im- 
pulses projected by tlie nerve paths from the pituitary should 
not only persist after removal of the brain (a fact already 
ascertained), but if the pituitary body is a motor center (as the 
efl'ects of its removal indicate), removal of the structure above 
ilie mesencephalon (which contains the bed of nuclei and all 
pontine structures) quite beyond the crura cerebri which carry 
the impulses from the brain should, in the higher mammals 
(in which the fibers from the pituitary were traced), impair 
motility. Christian i*’’® not only found this to be the ease, the 
power of progression being annulled in the experimental ani- 

•Wheh I wrotP the first volume, experimental stimulation of various parts 
of the cervioal sympathetic by Cyon and others had led me to conclude that 
the impulaes from the pituitary body to the adrenals passed down this nerve 
to reach the sympathetic chain below, and finally, the splanchnic. I have found 
since, however, that the nerves stimulated In the neck were branches which 
excited the thyroid gland and only indirectly, therefore, the adrenals. All the 
efferent nerves from cither lobe of the pituitary body thus pass to the spinal 
cord. 

^•Andrlezen: Hrlt. Med. Jour., Jan. 13, 1894. 

»'Chrl8tlanl: Arch. f. Physiol., S. 465, 1884. 
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mals (rabbits), but a phenomenon which promptly follows re- 
moval of the pituitary also appeared: tetanic spasm — due as 
we will see, to the accumulation of toxic wastes in the blood, 
the result in turn of impaired metabolism. 

Another phenomenon which follows removal of the pitui- 
tary, we have seen, is hypothermia. Xow, irritation of the 
structures of the third ventricle in the path of the nerves from 
the pituitary causes the opposite condition, hyperthermia. Isaac 
Ott, who, in 1884, l)egan a series of studies having for their ob- 
ject to determine the location of heat-centers, found, among 
others, one located in the anterior portion of the floor of the 
third ventricle, and another in the tuher cincrenm. The former 
region is precisely where all the fibers sent off posteriorly by tlie 
large gray nucleus to which Cajal traced afferent and efferent 
fibers from the anterior |)ituitary (a fact confirmed by Andrie- 
zen as to tlie presence of connecting libers) originate, while the 
tuber cinereum contains those traced from the posterior lobe 
thereto by Geiites, and the fibers traced by Andriemi to the 
region of the pons. Ott and Harris"*' state that Ott’s results 
were •confirmed by von Tangl in the horse, aiid that the pro- 
cedure mentioned causes a ‘^groat rise of temperature.” These 
observations were also confirmed by Sakowitsch,''^ who found 
that puncture of the tuber cinereum raised both the inlernal 
and peripheral temperatures, the latter reached 13® C. (109.4® 
F.) six houi’s after the lesion w’as produced. Ott and Harris 
conclude that this is not due to division of fibers ^^coining from 
the corpus striatum, because a puiudure through the mouth of 
the rabbit produces tlie same residt, although only the low^er 
surface of the inher has been punctured witli a needle.” 

^riiis thermogenic function is evidently independent of the 
brain. “Fredericq"’® found,” says Pembniy,"*'* ^That removal of 
the cerebral hemispheres in pigeons caused practically no differ- 
ence in the daily curve of their rectal temperature. .This ob- 
servation has been confirmed by Corin and Van Beneden,®'* who 
have, in addition, showm that the pigeons without their cerebral 
hemispheres produce the same amount of carbon dioxide and 

Ott »nd Harris: Therap. Oaz., June 15, 1903. 

Sakowitsch: Neurol. Contralbl., Bd. xvl, S. 520, 1897. 

®®Prederlcq: Arch, de blol., T. III. p. 747, 1882. 

•'♦Pembrey: Schafer’s “T. B. of Physiol.," vol. I, p. 864, 1898. 

Cor In and Wn Bcneden: Arch, de blol., T. vll, p. 265, 1889. 
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heat as do normal pigeons. The rapid rise in temperature 
which occurs when a hibernating marmot awakens is not pre- 
vented by removal of the cerebral hemispheres.” On the other 
hand, while the region punctured is clearly traversed by the 
fibers from the pituitary body, there is no organ anterior to it 
to give rise to thermogenic impulses. This affords additional 
evidence to the effect that the pituitary body is connected by 
nerve-paths with the spinal cord. 

This raises the (juostion as to whether the areas punctured 
by Ott, von ^I'angl, Sakowitseh and others, can be considered 
at all as heat ^^centers.” The fact that several such ‘^centers” 
have been discovered suggests that the thermogenic impulses 
evoked are merely due to the irritation, ix., congestion of 
areas containing thermogenic nerve-paths. Schafer®" writes 
in this connection: ‘^It is, however, very doubtful whether 
the facts observed warrant the assumption that the parts 
in question, which are apparently irritated by the lesion, 
are specific centers to determine the production of heat. For 
when the experiments on this subject arc examined, it is found 
that the results are closely dependent upon the establishment 
of an irritative lesion in parts which arc cither directly in, or in 
close proximity to, the path taken by motor impulses.” In view 
of the foregoing evidence this indicates that the pituitary body 
is the general heat center, I will adduce considerable additional 
evidence to this effect. 

The fact that injuries or experimental lesions of the cortex, 
corpus striatum and crus cerebri can likewise cause a rise of 
temperature docs not militate against this conclusion. They 
merely irritate areas that normally do not awaken thermogenic 
impulses but which, when artificially stimulated, do so by trans- 
mitting violent motor stimuli (quasi voluntary) to portions of 
the spinal system in which the nerve-paths of the thermogenic 
mcchanispi occur. 

To poise these statements, and particularly the conclusion 
that the pituitary body is connected with the spinal system by 
nerve-paths on a solid foundation, however, it is necessary to 
show (1) that, irrespective of the brain, motor impulses can be 
provoked by irritating the paths of the nerves from the pituitary, 

“ Scbftfer: Loc. cit, vol. If, p. 717. 
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the walls and floor of the third ventricle, (2) that the pitui- 
tary body itself can likewise evoke motor phenomena, and (II) 
raise the temperature of the body at largo. The first line of 
evidence will alone be considered in this section, the two otliers 
being considered in succeeding sections. 

Flourens, Bechterew, Weber, Ferrier and others obtained 
muscular movements by exciting the walls of the third ventricle, 
which contain, we have seen, fibers from the gray nucleus con- 
nected by nerves with the pituitary. As these might be ascribed 
to the cortex through sensory impulses carried by the optic thal- 
amus, they will not be taken into account. Magnan,'^^ however, 
caused epileptic seizures after removing the hemispheres. Vul- 
pian®** was also led to conclude by experiments that the center 
for epileptic convulsions was located at the base of the brain. 
Ziehen®® caused prolonged tetanic spasm in rabbits by irritating 
the basal, tissues after removing both hemispheres. Hering®® 
found it impossible to inhibit tonic spasm in 20 monkeys in 
which the pyramids had been severed, thus disconnecting what 
is generally believed to be the path for voluntary impulses 
to the spinal cord. Prus,®^ moreover, showed that after division 
of the pyramids, the spasmogenic impulses passed by way of the 
'base, e.y., the tegmentum and pons, and his results were confirmed 
by Bischoff,®^ Hering®® and otliers. Finally, Nino Samaja®^ 
after an elaborate cxpcririKjntal study of the question concluded 
that in the higher mammals tonic spasms were ‘^exclusively’^ 
due to impulses derived from the base of the brain. The most 
violent kinds of muscular contractions are readily produced, 
therefore, irrespective of any brain action, by sti ululating struc- 
tures that contain nerve-paths from the pituitary body. This 
evidence shows also why removal of the pituitary is followed 
by such marked muscular weakness and relaxation, and by hypo- 
thermia: as the general center of all vegetative functions it 
governs the heat mechanism, i,e., general oxygenation, and there- 

B^Masnan: Arch, de physiol.. T. v. No. 5, p. 11!5, 1873. 

“Vulplan: C. r. de I’Acad. des sciences. Apr. 27, 1885. 

“Ziehen: Deut. med. Woch., Bd. xlv. S. 604, 1888. 

“Hering: Wiener kiln. Woch., Nu. 33, 'S. 831, 1899. 

«Prus: /bid., Bd. xl. S. 867. 1898. 

“Blschoff; /bid.. Nu. 39. S. 960, 1899. 

“Hering: Lee. dt. 

“ Nino Samaja: Rev. Mdd. de la Suisse Romande, Mar. 20, 1904. 
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by the intrinsic functions of the muscular system — as additional 
testimony will demonstrate. 

Pending this evidence the following conclusions arc sub- 
mitted: (1) the netirql or posterior lobe of the pituitary body is 
not, as generally believed, a functionless organ, but a highly 
organized nervc-center containing several types of nerve-cells; 
(2) both lobes are connected with the overlying third ventricle 
by nerve-palhs which, through nerves from the giant-cell supra- 
infundibular nucleus and in the tuber cinereum, extend poster- 
iorly to the midbrain — a continuation of the spinal gray matter 
which contains the nuclei of the cranial nerves; (3) the nerves 
that connect the pituitary body with the spinal cord passing 
posteriorly in the gray substance of the walls and floor of the 
third ventricle, various experimental phenomena now ascribed 
io ^U'erUers” in these structures, are in reality due to irritation 
of these nerves and io the artificial production of wanifesfations 
normally evoked by the jntuilary body as a motor and heat 
center, 

THE NEUllAL LOBE OF THE PITUITARY AS THE SEAT OF 
THE SYMPATHETIC CENTER. 

In many invertebrates, two ganglia preside over the entire 
nervous system, tlie supra- and sub-a‘sopliageal. If in the snail, 
for example, as shown by Vulpian®’ tlie upper (cerebral) gang- 
lion is removed, the animal lives several weeks, but it remains 
absolutely motionless. If, on the other hand, the inferior gang- 
lion is removed, the animal dies within twenty-four hours. 
Again, galvanic excitation of the cerebral ganglion produces no 
appreciable effect ; similar excitation of the lower ganglion, how- 
ever, provokes violent muscular movements, and if prolonged, 
often ‘Sirrests the heart in dilatation and diastole as is the case 
when the pneumogastric is stimulated in the neck of verte- 
brates” — in other words, inhibits it. Now, physiologists teach, 
although as stated by Langley”® they ^‘are still far from any real 
knowledge of the processes involved in inhibition,” that it is a 
physiological function, and that the slowing of the heart’s 
action which attends stimulation of the vagus in the neck exem- 

“Vulplan: cited by Lctourncau: "La Biologic, " p. 389, 1891. 

M Langley: Sebfifer’s "T. B. of Physiology," vol. 11, p. 674, 1900. 
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plifies the process. Tliis is, in my opinion, a baneful coneeption ; 
one indeed which has misled clinicians in their interpn‘tation 
of several heart disorders and their treatment, and wliich, as 
1 will show, has perpetuated our ignorance of the manner in 
which many of tlie most violent poisons cause death. 

In the first volume I adduced evidence sliowiiig tliat tlie 
inhibitory phenomena and cardiac arrest caused by [)assing a 
current from the nose to tlie bulb were due to excitation of the 
pituitary body neural paths. In an article published since tlic 
first volume appeared“^ I emphasized the fact that inhibition was 
not a physiological function, and that it was due to a morbid 
vasomotor constriction of the coronary arteries, which slowed 
the heart because it deprived it of blood. 

That the pituitary body contains a center capable of 
influencing the entire vascular syshun is demonstrable experi- 
mentally. 

Cyon®^ observed, in the course of experiments on a large 
number of animals (carried on to study the relations between 
the thyroid and the pituitary), that any pressure, even the slight- 
est, upon the pituitary body at once gave rise to a sudden varia- 
tion of the blood-press un?, and to a marked reduction in fre- 
quency of the heart heats. lie then applied the electric current 
to the exposed pituitary and found that an extremely weak cur- 
rait producHHl the same effects but to a much more intense de- 
gree. !Not only was the increase of vascular tension gen(*ral. 
but the suddenness with which the pressure rose could only be 
caused l)y a sudden constriction of tlie arteries. 

CyoTVs observations have becni fully confirmed recently by 
P. TVIasay‘*° and amplified in such a manner as to .locate dis- 
tinctly in the pituitary body the origin of the phenomena wit- 
nessed. Ilis investigations showed that mechanical and elec- 
trical excitation of this organ caused a marked and imme- 
diate rise of blood -pressure — from 81 mm. Ilg. to 200 in one 
instance — and that this effect was not prevented by section of 
both vagi. After splitting the soft palate longitudinally, a deli- 
cate electric trephine was used to remove a disk of bone imme- 

« Sajous: N. Y. Med. Jour., May 14 and 21, 1904. 

“Cyon: Archives do physiol., vol. x, p. 618, 1898. , 

Masay: Ann. de la Sot*, roy. des scl. m^d. ot nat. de Bruxellfs, T. xll, 
Fasc. 3, 1903. 
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diately beneath the pituitary body. Through this opening, two 
needle-like, perfectly insulated electrodes could easily be intro- 
duced. The variations of blood-pressure — the kymograph being 
connected with the carotid — and pulse-rate arc clearly shown 
in the tables reproduced below. They indicate tlie comparative 
effects of excitation of the tissues around the opening, of the 
pituitary proper, and of the same organ after section of both 
vagi. 

Exp. I. — Young Doo; Weight, 3.30 Kilog. Blood-prcsaure. 

Prior to excitation 63 min. Hg. 

Excitation of neighboring structures 63 

After 63 

Excitation of neightioring structures 63 

After 63 

Excitation of pituitary body 108 

Immediately after 03 

60 seconds after 63 

Exp. V. — Doo; Weight, 2.6 Kilog. 

Prior to excitation 81 mm. llg. 

1st excitation of pituitary body 144 

Immediately after 00 

2d excitation of pituitary body, 

15 seconds . . 200 
30 seconds . . 190 
2 minutes. . 170 


Immediately after 90 

Exp. IX. — Dog ; Weight, 5 Kilog. 

Both vagi cut. 

Prior to excitation 102 mm. ITg. 

Excitation of pituitary body, 

lirst 15 seconds.. 280 
second 15 seconds.. 270 

Immediately after 225 

1 minute later 156 

2d c.\citation of pituitary laxly 252 

“ « « « « (close)214 

• Immediately after 144 

1 minute later 154 


These striking effects speak for themselves. The blood- 
pressure was raised instantly, precisely as when the lower seg- 
ment of the transected spinal cord is stimulated, in accord with 
Cyon’s observation. Misled, however, by the prevailing view 
that the posterior lobe is a vestigial organ and the belief that the 
anterior lobe is a secreting gland, Masay attributed tentatively 
these effects to this "secretion.^^ Not only, as I will show, 
is neither lobe of the pituitary a secretory organ, but it is evi- 
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dent that the rise of pressure throughout the whole organism 
could not have been produced instantaneously with the distribu* 
tion of such a secretion as a preliminary feature of the process. 
As we will see presently, in fact, he produced similar effects by 
stimulating the medulla oblongata, with which, in the light of 
the facts submitted in the preceding section, the pituitary body 
is connected by nerve-paths. 

This direct connection between the pituitary body and the 
bulbar centers accounts — in the light of my views — for an ob- 
servation made by Masay, viz., that ‘‘during excitation [of the 
pituitary] the power of the heart beats is diminMcd, while 
immediately after, it increases very greatly and becomes greater 
than normal.” We have here, in my opinion as previously 
stated, an example of inhibUion^ a morbid process due to exces- 
sive vasomotor contraction of the coronaries, as shown by the 
following evidence. 

Brown-Sequard over fifty years ago’® observed that stimula- 
tion of the lower end of the cut vagus, in the neck, caused con- 
traciion of the coronaries — a fact which led him to conclude 
that the vagus was the vasomotor nerve of the heart. In 1895, 
W. T. Porter’' concluded that the vagus contained vasoconstric- 
tors, a current of defibrinated blood passed at a constant pressure 
through the coronaries of an isolated heart being materially re- 
duced in volume by excitation of this nerve. Maas’* confirmed 
l*orter’s results. Ileymans and Demoor’’ then found histo- 
logically that the muscular coat of the coronaries contained a 
rich network of vasomotor fibers. My own study of the su})jcct 
showed that the cardio-inhibitory impulses transmitted to these 
vessels by the vasoconstrictor fibers in the vagus were derived 
from the vasomotor center, 

A phenomenon, the mechanism of which had never been 
explained, i,e,, cardiac inhibition, thus readily accounts for the 
diminished cardiac action noted by Masay on stimulating the 
pituitary body. He produced an effect identical to that obtained 
by the brothers Weber’* when, in 181(5, they passed a current 


^ Brown-S^quard: ** Experl mental ReBearches Applied to Physiology and 
Pathology,'* New York, London, Parle. 1853. 

W. T. Porter; Boston Med. and Surg. Jour., Jan. 9, 1895. 

’•Maas: .PflQger’s Archlv, Bd. Ixxlv, Hft. 7 u. 8, S. 281, 1899. 

’• Heymana and Demoor: M^molres de I'Acad. roy. de m€d. de Belgique, 
T. xill, 6me Fasc., 1895. 

Weber Brothers: "Handworterbuch d. Physiologic," Bd. 11, S. 42, 1846. 
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from the intranasal surfaces to the spinal cord, viz., he inliibited 
its action by reducing the caliber of the coronaries and reducing 
the quantity of blood supplied to the heart-walls. 

The inhibitory effect of excessive constriction of the coron- 
aries has been demonstrated by several investigators. Chirac^” 
found that the beats of a dog’s heart were soon arrested when one 
of the coronaries was tied. Eriehseii'^® observed a similar result 
after tying these vessels. Leonard Ilill,"^ referring to the in- 
vestigations of Cohrihcim and Schulthess-Kcchberg,'^** McWil- 
liani,^*^ Bettclhcim,^^ and others, also states that “ligaturing one 
of the largest branches only is frequently sullicient to cause 
arrest.” Again, See, Bocliefontaine and Boiissy'^^ observed that 
substances capable of plugging the coronaries — lycopodium 
spores, for instance — also caused cardiac arrest. Bortcr'"^ 
plugged the left coronary artery in nineteen dogs and says that 
“the closure of the artery was always promptly followed by 
arrest.” As the result of closure by ligation in sixty-seven dogs, 
he reached the deduction that “the frequency of arrest is in pro- 
portion to the size of the artery ligated.” As eardio-inhibiloiy 
impulses transmitted tlirough the vasoconstrictors of both vagal 
trunks probably influence all the coronary vessels simultaneously, 
the ease with which the heart’s action can be arrested l)y exciting 
the bulbar center is easily accounted for. Finally, Kolster,^^ 
Porter,”^ and others have shown experimentally that the part 
of the heart supplied by an infarcted coronary artery degenerates. 

Yet, if the vasomotor impulses inhibit the heart by causing 
excessive constriction of the coronaries, the effects on the heart 
wall should coincide with those resulting from deprivation of 
bl(X)d. Such is undoubtedly the case: E. Weber”*"* observed 
that during partial inhibition tlio cardiac contractions were 
weakened, while Schiff”” found that the muscular elements of 


’"Chirac: “Dc Motu Cordis,” p. 121, 1698. 

’"Erlchson: London Hospital Gazette, vol. II, p. 661, 1842. 

” Leonard Hill: Schafer’s '*T. B. of Physiol.,” vol. 11, p. 1, 1900. 

Cohnhoim and Schulthess-Rcchborg: Virchow’s Archlv, Bd. Ixxxv, Hft.- 
3 S 603 1881 

’• Mc’willlam: Jour, of Physiol., Vol. vlll., p. 296, 1887. 

Bettclhelm: Zeltsch. f. kiln. Med.. Bd. xx, S. 436, 1892. 

S6e, Dochefontaine and Roussy: C. r. de I’Acad. des scl., T. xcil, p. 86. 

1881. 

Porter: Jour, of Exper. Med., vol. I, p. 46, 1896. 

“ Kolster: Skandinav. Archlv f. Physiol., Bd. Iv, S. 1, 1893. 

“ Porter: Pflttger’s Archlv, Bd. Iv, S. 366, 1893. 

“ B. Weber: hoc. vit. 

*• Schlff: Archlv f. physiol. Hcllk., 9ter Jahrgang, S. 22, 1860-51. 
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the entire organ responded less or not at all to stimuli. Fran- 
gois-Frank, Fischel,*^^ and others observed that the cardiae walls 
were softer than usual. Foster*’** states that when the inter- 
rupted current is used to stimulate the vagal trunk, the heart 
remains in diastole, motionless and flaccid. When, however, the 
current is weak, the beats are only slowed and weakened. Coats**'-* 
ascertained manornetrically that the contractions were markedly 
reduced in force. Gaskelh*** and Stefani®^ found that the ventri- 
cular tonicity was reduced. Muskens”^ also found that stimula- 
tion of the vagus lessened the force of the contraction in the 
frog. 

GaskclP® characterizes as ^^most striking’^ the attending 
depression of activity. Still, there is no loss of inherent mus- 
cular irritability, since, according to Fosten-,”* a pin prick in tlie 
heart during inhibition may cause a beat; the morbid phe- 
nomena are,, therefore, the result of a deficient supply of the 
nutrient components of the blood. Porter”’"* states that ‘‘but 
little is known as to the constituents of the blood whicli arc 
essential to the life of the mammalian heart, and that “an 
abundant supply <^f oxygen is certainly highly important.’’ 'Hic 
manner in which the deficiency of these blood constituents causes 
the inhibitory elTcets is suggested in the following lines of Ijang- 
Icy’s:”® “The decrease of rigidity in the inhibited muscular tis- 
sue shows that inhibition is not caused by the development of a 
contractile force, acting in a direc^tion oppos(*d to the normal 
one and overpowering it. AVe arc then brought to the conclusion 
that certain nerve impulses — the inhibitory nerve impulses — are 
able to lessen or to stop the chemical change in the tissue which 
leads to contraction.” 

Tt is evident, tliercfore, that even the diminution of tlu! 
heart-beats which IMasay observed during excitation is likewise 
due to vasomotor constriction. 

Any doubt that may remain as to the influence of stirnula- 

*TFlschel: Archlv f. exp. Path. u. Pharm., Bd. xxxvlli, lift. 3 u. 4, S. 228. 
1897. 

Poster: "T. D. of Physiol.,” sixth Amer. edition, Pbila., 1895. 

Coats: Bcricht d. k. Sachs. Gescllseh. d. Wlsscnsch., S. .300, 1869. 

•"Gaskoll: Philosoph. Trans., p. 1019, 1882. 

Stefanl: Archives Ital. de blol., T. xxlll, p. 172, 1895. 

"^Muskens: Pflilger’s Archlv, Bd. Ixvl, Hft. 5 u. 6, S. 328, 1897. 

“Oaskell: Schftfer’s "T. B. of Physiol.,” vol. 11, p. 169, 1900. 

“Poster: ”T. B. of Physiol.,” sixth Amer. edition, 1895. 

“Porter: “Amer. T. B. of Physiol.,” vol. 1, .second edition, p. 148, 190j. 

“ Langley: Schafer’s "T. B. of Physiol.,” vol. li, p. 674, 1900. 
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tioii of the pituitary body on the vascular system is removed 
by the fact that all of Masay’s experiments indicate (1) that the 
rise of the blood-pressure and pulse occurred concurrently and 
fluctuated with the mechanical or electrical excitations of the 
exposed pituitary, and (2) that the recession of pressure, i.e., 
the resumption by the arteries of their former caliber, occurred 
immediately after each excitation ceased. The following table 
illustrates forcibly the suddenness of the fluctuations under the 
influence of excitation : 


Exp. IV. — Dog ; Weight, 3.8 Kilog. Blood-preaaiire. 

Prior to excitation 81 mm. Ilg. 

Mechanical excitation of pituitary . . 98 

Immediately after 36 

Electrical excitation 100 

Immediately after 72 

Electrical excitation 100 

immediatedy after 72 

Electrical excitation 100 

Immediately after 81 


This sudden elevation of pressure whenever the organ was 
stimulated occurred repeatedly until a clot prevented further 
work. An additional feature of these results is that the animal 
had been given morphine and curare, so that the rise in pressure 
represents an excess over that already caused by these drugs. 
Were it not for this, the difference between the pressure before 
and during excitation would have been much greater. 

Still, if Masay actually inhibited the heart when he ob- 
served that excitation of the pituitary dirninislied cardiac power, 
and the brothers Weber produced the same effect by passing a 
current from the nasal mucous membrane posteriorly, removal 
of the pituitary body should prevent the phenomena caused by 
nasal excitation. Cyon®^ found that the inhibitory slowing of the 
heart obtained by stimulating the nasal mucous membrane and 
the reflex phenomena caused by the same procedure could no 
longer be obtained immediately after extirpation of the pitui- 
tary body. Even the most active stimulants, ammonia, for 
instance, applied directly to the nasal mucous membrane, failed 
to elicit the least response. ^^The beneficial influence of reflex 
action on the heart obtained by stimulating the nasal mucous 
membrane in syncope/* says this physiologist, "must react, 

, "CyoD: Archly f. d. ges. Physiol.. Bd. Ixxl. S. 431; and Bd. Ixxll. S. 635, 
1898. 
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therefore, indirectly upon the cardiac nerves through the inter- 
mediary of the pituitary body’^®** — a true statement when, in the 
light of my views, the reflex effect is ascribed to constriction 
of the cardiac arteries, which are dilated (their muscular layer 
as well as the skeletal muscles being relaxed) during syncope. 

This beneficial action of reflex contraction of the coronaries 
exemplifies clearly how the heart may be inhibited. In syncope 
the dilated vessels are restored to their normal caliber; in inhibi- 
tion, excitation decreases their caliber until the streams of blood 
supplied to the heart are totally inadequate to sustain the func- 
tional activity of the organ. Experimental inhibition, therefore, 
is ah artificial, process and does not, as physiologists teach, exem- 
plify a normal function. 

All this has served further to show, not only that the coron- 
aries are supplied with vasomotor nerves, but also that the pitui- 
tary body is a vasomotor center. Indeed, the latter feature, and 
the fact that, as believed by Masay, it is not a problematical 
secretion wliicli causes the rise of blood-pressure, are placed on 
a solid basis by the experimental demonstration that stimulation 
of the pituitary body and of the bulbar vasomotor center pro- 
duce similar effects. This is brought out in two of Masay’s 
tables. The conditions presented here arc such as to insure as 
much as possible correspondence in the strength of current used, 
the duration of stimulation, etc. 


Exp. V. — Doa; Weiuht, 2.6 Kttxki. Blood- pressure. 

Prior to excitation 81 itiiii. Hg. 

Ist excit. of pituitary body 144 

2d “ “ “ “ 

first 15 seconds.. 200 

after 30 “ ..100 

Exp. II. — Dog; Weight. 5.5 Kilog. 

Prior to excitation 90 

1st excit. of bulb 136 

Ist “ “ “ after 30 seconds. .. 154 

2d “ “ “ “ “ “ ...126 


The ncedlc-elcctrodcs were merely thrust into the medulla 
oblongata from the front, instead of into the pituitary. The 
recession of the blood-pressure after stimulation was immediate 
in both instances, thus showing that the region stimulated in 
the bulb was a vasomotor center. 


MRlchet'B “Diction, do physiol./* vol. Iv. p. 131, 1900. 
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All this evidence emphasizes another fact, viz., that among 
the paths from the pituitary body to the spinal cord referred to 
in the preceding section, there are fibers that are capable of 
conducting vasomotor impulses at least as potent in their influ- 
ence upon the general vascular system as those transmitted along 
the familiar paths of the spinal cord by the bulbar centers. 
That the impulses derived from the pituitary reach the peri- 
pheral vessels by way of the bulb and its spinal vasomotor path- 
ways is self-evident, since there is no ground for the assumption 
that the pituitary body has an autonomous set of fibers for this 
purpose. 

The presence of such an autonomous set of vasomotor 
fibers between the posterior pituitary and the bulbar vasomotor 
center, however, recalls vividly the relationship of the spinal 
cord below the bulb with the great sympathetic, and suggests 
an important question: may the vasomotor impulses not be 
sympathetic as to their distribution? Excitation of the bulbar 
vasomotor center causes, as stated by Winfield S. Hall, ‘^gen- 
eral contraction of all the artcrics,^^ while paralysis of this cen- 
ter “causes general dilatation.” Sympathetic vasomotor action, 
on the other hand, is a restricted one; thus, Howell, after 
showing the inlluencc of stimulation and section of sympathetic 
paths, writes: “From these and numerous similar experiments, 
wx» may conclude that normally the arteries — that is, the arter- 
ioles — are kept in a condition of tone by impulses received 
through the vasoconstrictor fibers,” — evidently sympathetic con- 
strictors. Now, the manner in which Masay’s results could 
have been awakened through sympathetic fibers from the pos- 
terior lobe to the bulbar vasomotor center, and thence down 
the cord to the origin of the sympathetic nerves, the ultimate 
nerve-path to the tissues, is suggested by another quotation 
from Howell’s work: “When vasoconstrictor fibers are stim- 
ulated, there is a rise of pressure in the artery supplying the 
organ and a fall of pressure in the veins emerging from the 
organ. Tliis result is what we should expect if the constric- 
tion takes place in the region of the arteriohs” As these 
terminal vessels are governed by sympathetic fibers, stimulation 
of the pituitary must either have raised the pressure by con- 
stricting the arterioles through these fibers, or by stimulating 
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the bulbar vasomotor center, thus causing constriction of all 
arteries. Which of the two processes is the true one? 

Experimental evidence shows clearly that it cannot have 
been merely because the impulses excited the vasomotor cen- 
ter. As is well known, ljudwig and Owsjannikow, who estab- 
lished the limits of the latter, found that wdicii the midbrain 
above the bulb was cut through, the blood-pressure was not 
materially influenced, and that it was only whoji the bulb was 
cut across or below the now recognized location of the center 
that paralysis of the vessels was complete. It is evident, there- 
fore, that the vasomotor center is not located above the bulb. 

Such is not the case, however, with what 1 will hereafter 
designate as the “sympathetic center.^^ 

In the twentieth chapter 1 will submit evidence to the 
effect that antipyrin and other coal-tar products and drugs pro- 
duce their antipyretic and analgesic effects precisely by causing 
constriction of the arterioles supplied with the sympathetic 
vasoconstrictors to which IIowcll refers. Now, SawadowskP'* 
found that when the tissues of the base of the brain were cut 
through, “the cut being made through the thalami optici or 
the corpora striata,^’ aniipyrin and other antipyretics were no 
longer active. The section being far above the bulb, though 
immediately below the pituitary body, the libers severed were 
those which transmitted Masay^s blood-prcssuni raising im- 
pulses. The fact that these sympathetic vasoconstrictor fibers 
influence only the arterioles, the smallest arteries, explains also 
why Ludwig and Owsjannikow did not affect the vascular ten- 
sion markedly by dividing the same nerves. 

Again, the l)asal structures severed by Sawadowski — at 
least the walls of the third ventricle to which Cajal, Van 
Gchuchten and others have traced nervc-fil)ers from the pitui- 
tary — give passage to typical sympathetic fibers, lleferring to 
this region, Edinger®^** says : “The inner sid(i of the thalamus 
is separated from the ventricle by a uniform Ifiycr of gray mat- 
ter. This is called the central gray matter of the middle 
(third) ventricle, and consi.sts of a tis.siie rich in cells, and tra- 
versed in all directions by numerous fine, medullated norve- 

Sawadowski : Centralbl. f. d. med. WIsbgd., Jahrgang xxvl, pp. US, 161 , 

1888. 

•®^Edlngcr: **Anat. of Central Nerv. System/' American edition, p. 260, 1899. 
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fibers.” Now, the identity of such fibers is well known. 
striking feature of the sympathetic system,” says Langley,®**® 
^fis the predominance of small medullated fibers in it. This 
was pointed out by Bidder and Volkmann in 1842. The great 
majority of its medullated fibers vary from 2p. to 3.5/a in diam- 
eter Very large medullated fibers, 15 to 20/a, which 

are common in the roots of the spinal nerves, do not occur in 
the sympathetic system.” Kolliker®*^** also teaches that ‘‘the 
neuraxes of sympatlietic neurons become invested in many 
cases with a thin medullary sheath, thus forming very fine 
medullated fibers, which, on account of their small size, can be 
difi'erentiated from the smallest ccrebro-spinal fibers.” 

Cyon and Masay, in the light of this evidence, therefore, 
stimulated the sympathetic center, the marked elevation of 
blood-pressure provoked (and which receded instantly when the 
excitation ceased) being due to constriction of all the arterioles 
and the resulting accumulation and pressure behind the vas- 
cular obstruction. 

This • obviously liberates the bulbar vasomotor center of 
the functions ascribed. to the sympathetic system, and endows 
the latter with autonomolis functions. That such is the case 
is sustained not only by the foregoing evidence, but also by the 
anomalous role which the bulbar vasomotor center is infer- 
cntially made to play according to prevailing teachings (in view 
of the fact that experimental work on the sympathetic is used 
to exemplify vasomotor action, constriction and dilation) not 
only as the regulator of vascular tonus, but also, through its 
connection with the sympathetic, of functions of different 
kinds, secretory, motor (peristalsis) and inhibitory. Although, 
as will be shown in the twentieth chapter, the latter, are, in 
reality, nothing but what might be termed “experimental” 
pseudo-functions, the fact remains that as stated by Hall in 
reference to* the sympathetic system : “The importance of this 
system in the control of the vital functions of the body can 
hardly be overestimated.” That it should be provided with its 
own center — though closely related with bulbar vasomotor cen- 
ter through its fibers thereto, which, as we have seen, are of 
the special sympathetic type — is, therefore, only logical. 

“•Langley: Schftfer’ft “T. B. of Physiol,/* vol. II, p. 648, 1900. 

*“K5111ker: Cited by Huber: Jour, of Compar. Anat., Sept., 1897. 
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This involves the conclusion that the large vessels, as well 
as the arterioles, are supplied with vasomotor nerves, the former 
being governed by the bulbar vasomotor center. Tins is in 
accord with the more recent teachings of histology. Joris,®*** 
in a comprehensive review of the subject, and after consider- 
able histological work, using the Golgi and Ehrlich methods, 
concludes with tlie remarks; “A fact which wc must consider 
as established is that all arteries and all veins are provided with 
intrinsic nerves. Their existence in the nerve-centers is not 
as yet established, notwithstanding the researclies of Ober- 
steincr, Morisson and Huber. But these negative results de- 
pend' certainly upon the technical difficulties.^^ To emphasize 
his statements. Professor Joris adds: ‘T said intentionally all 

the arteries and all the veins^^ ‘‘blood-vessels are 

supplied with nerves, because their walls contain muscle-libers.''" 
This can also be said of veins-, among Avliich he enumerates, 
besides the smaller veins, the “veme cava>, jugulars, iliacs, etc.^^ 

As to the distribution of these nerves and their function, 
Joris writes: “All the nervous branches which surround and 
accompany the blood-vessels do not rainify in the thickness of 
their walls. Many of them follow only momentarily the path 
of the vessels and terminate in other organs. These are the 
satellite nerves. The true vascular nerves are (piitc distinct 

from the satellite nerves.^^ “These [true vascular) 

nerves form, by their anastomoses, a perivascular plexus. 
Finer branches, differing structurally and having different func- 
tions, emanate from this plexus. Some are destined for the 
smooth fibers of the tunica media {motor fibers ) ; the others are 
sensory {sensitive fibers)” All these nerves arc evidently vaso- 
motor, since they “end absolutely in the thickness of the vas- 
cular walls. Their anastomoses are mutual and never with 

neighboring nerves, muscular, glandular, etc.” “The 

perivascular plexus is clearly isolated; the aggregate of fibers 
which compose it form an independent exclusively vascular 
apparatus.” As to the sensitive fibers, “they sink into the 
depth of the tunica adventitia as do the motor fibers, but do 
not anastomose with them.” 

Joris: Bull, de TAcad. roy. de med. do Belgique, It sfirie. T. xx, p. 502. 
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If, as I hold, the larger vessels are governed by the vaso- 
motor (bulbar) center, while the arterioles are controlled by 
the sympathetic (posterior pituitary) center, the nerves sup- 
plied to the latter vessels should be those of the sympathetic 
type, i.e.f the fibers of liemak, the small, supposedly ^^non- 
meduUated” fibers referred to a few pages back: ‘‘Vascular 
nerves are formed of nonmedullated and medullated fibers,^^ 
writes Joris; “the latter are numerous on the surface of the 
vessels, the caliber of which exceeds 80 microns. They become 
gradually more scarce, and disappear completely along the more 
delicate vessels. None but nonmedullated libers remain when 
the caliber of the vessel is approximately 50 microns.^V ^ 
diminutive size is quite compatible with the anatomical rela- 
tionship of the arterioles as I interpret this term, viz., the more 
or less elongated terminals of all arteries — which open directly 
into the capillaries, including the so-called “precapillary vessels. 

The location of the neural lobe of the pituitary at the head 
of the spinal structures that project into the base of the brain; 
its identity as a ‘highly diircrentiated structure; and the fact 
that in a large group of animals, either as the “sub-ccsophageal 
ganglion” of various invertebrates, or as the “central ganglion” 
of the lower chordata, it is the general center of the nervous 
system, and the experimental evidence submitted clearly points 
to this organ as the seat of a center, such as the sympathetic 
center, which, as 1 will show, takes part in a function which far 
exceeds in importance that of preserving the vascular tonus — 
the only role fulfilled by the bulbar vasomotor center. 

Summarized, all this evidence seems to me to have shown: 
(1) that the neural or posterior lohe of the pituitary body contains 
a center which governs the great sympathetic system, including its 
vasoconstrictor nerves to the arterioles ; (2) that this center is con- 
nected by nerve-paths with the medulla oblongata and spinal cord 
through which it transmits its impulses; {'S)that the bulbar vaso^ 
motor center does not maintain the tonus of the arterioles, as notv 
taught, but solely that of the veins and larger arteries; (4) that the 
center in the posterior or neural lobe of the pituitary which governs 
the caliber of the arterioles, should be termed the ^^sympathetic 
center” 
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THK MEURAL LORE OF THE PITUITARY AS THE SEAT OF 
COMMON SENSIJ3ILTTY AND AS A GENERAL 
MOTOR CENTER. 

The pituitary body remained whole, of course, in the decere- 
brated animals referred to in a foregoing section, and the 
paths to the spinal cord likewise. Foster,"" referring to such 
animals, states that they ^^may be kept alive and in good health 
for a long time,” and they exhibit spontaneity obviously be- 
tokening the possession, not merely of a consciovs volition, but 
of a certain amount of intelligence.'' Now, there is no struc- 
ture in the base of tlie brain that is endowed with such an attri- 
bute. The optic thalami and corpora striati are the only organs 
to which such an important role might liypotlietically be as- 
cribed; but we have seen that in Golty/s dog, destruction of 
these organs did not prevent its remaining “alive and in good 
health for a long time,” and that all its functions were per- 
formed normally. The posterior pituitary alone is capable of 
playing such a role: not only does it contain highly differ- 
entiated nervous elements, various types of highly organized 
nerve-cells, but even its outer layer was found by Luschka,^"® 
Muller,^®' who studied the pituitary from myxine to man, and 
others, to be composed of gray substance recalling that of the 
cerebral cortex. 

The neural lobe thus presents structural features wdiicli 
indicate that it is fully able to carry on functions of the highest 
order, and in which co-ordination is blended with enough con- 
scious volition to account for the manifestations of intelligence 
to which Foster refers. As we will now see, it can not only 
generate motor impulses, but also receive sensory impulses and 
impressions — the products of sensual perceptions — of various 
kinds, and co-ordinate a group of motor impulses adapted to the 
needs of the moment — not mere manifestations of reflex action, 
but complex combinations. Even this represents but a refine- 
ment of functions which the neural lobe alone governs in the 
primitive chordata. Thus Loeb’®^ states tlnit Fcrricr “men- 
tions the one ganglion of the Ascidians as illustrative of the 


“Foster: Lm. eit.. p. 643. 

1®® Luschka: “Der Hlrnanhang: und die Stcidrttse des Menschens, 
MUller; Jenafsche Zelt. f. Naturw. Bd. vll, S. 327, 1873. 

Loeb: Loc. cit. 
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ganglion reflexes,” i.e., of a structure capable of receiving sen- 
sory impulses and sending forth motor stimuli. 

The identity of the‘ pituitary body as a sensory center is 
emphasized first of all by the fact that lesions of the cortex do 
not influence general sensibility. 

^‘Innumerable cases have been reported of lesions of the 
motor cortex,” writes C. K. Mills,®®® “without the slightest im- 
pairment of sensibility. In several cases of excision of the 
human cortex in the Rolandic region by surgical operations, 
careful studies of the patients by the writer and others failed 
to show any impairment of sensation.” As we all know, a largo 
number of cases of extensive injury of the cerebrum fully sus- 
tain this assertion by the absence of sensory phenomena. Again, 
Charcot and Pitres^®^ state that “the paralyses of cortical origin 
arc accompanied sometimes with disorders of cutaneous or mus- 
cular sensibility, but these sensory disorders, which are eventu- 
ally associated with motor paralyses, do not show a direct or 
necessary connection with lesions of the motor zone.” We have 
seen also, that the pigeon deprived of its hemispheres can feel 
and shake. off a fly that chances to alight on the feathers of its 
head; that Goltz’s dog, similarly mutilated, rc'acted promptly 
to tactile sensation, limped when hurt, promptly raised its feet 
when these were placed in cold water, etc. On the other hand, 
Schafer^®® concludes a comprehensive review of the question 
with the remark : “This no doubt lands us in the unsatisfactory 
jiosition that we are unable certainly to say in what part we are . 
to localize cutaneous sensibility, or even if it is localized at all 
in the cortex/' 

This obviously suggests that the posterior pituitary, i.a., 
the neural lobe, might in the light of my views, fulfill this func- 
tion. Yet, a decapitated frog, i.c., one deprived of its basal 
ganglia and part of the central gray matter, and, therefore, of 
the pituitary body, will raise one of its limbs and adjust it to 
a spot upon which some irritant has been placed in order to rub 
it. We must not lose sight of the fact, however, that all pro- 

10>C. K. Mills: **The Nervous System and Its DiseaBes,” Phila.. 1898. 

Charcot and Pitres: *'LeB centres moteurs cortlcaux chez rhomme/' 
Paris. 1896. 

i“SchMer: “T. B. of Physiol.," vol. 11, p. 728, 1900. 

SchWor; /Md., vol. 11, p. 768. 
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toplasm is endowed with reflex attributes and that nerve im- 
pulses only multiply their inherent properties. We have in this 
auto-protective motion of the decapitated frog, therefore, but an 
expression of its latent capabilities. As stated by Foster, 
“the phenomena presented by a frog possessing the middle por- 
tions of the brain differ widely from those presented by a frog 
possessing a spinal cord only. We may, perhaps, bn)adly describe 
the behavior of a frog from whom the cerebral hemispheres only 
have been removed by saying that such an animal, though ex- 
hibiting no spontaneous movements, can, by the application of 
appropriate stimuli, be induced to perform all, or nearly all, the 
movements which an entire frog is capable of executing.” Of 
the frog possessed of its spinal cord only, he says: “When placed 
on its back it makes no attempt to regain its normal posture; 
in fact, it may be said to have completely lost its normal posture, 
for when placed on its belly it docs not stand with its fore feet 
erect, as does the other animal, but lies flat on the ground. 
When thrown into water, instead of swimming it sinks like a 
lump of lead. When pinched or otherwise stimulated it does 
not crawl or leap forward; it simply throws out its limbs in 
various ways. When its flanks arc stroked it does not croak; 
and when a board on which it is placed is inclined sufficiently 
to displace its center of gravity it makes no effort to regain its 
balance, but falls off tlic board like a lifeless mass. Though, as 
we have seen, the various parts of the spinal cord of the frog 
contain a large amount of co-ordinating machinery, so that the 
brainless frog may, by appropriate stimuli, he made to execute 
various purposeful co-ordinate movements, yet these arc very 
limited compared with those which can be similarly carried 
out by a frog possessing the middle and lower parts of the brain 
in addition to the spinal cord.” The author also states that 
“tlie phenomena presented by animals deprived of their cerebral 
hemispheres show that this machinery of co-ordination is sup- 
plied by cerebral structures lying between the cerebral hemi- 
sphere above and the top of the spinal cord below,” and subse- 
quently refers to the “foundation of the machinery in question” 
as “the tegmental region from the huJb upward.'^ The teg- 
mental region, that through which ascends the fillet^ is likewise 


w Foster: Loo, cit,, p. 637. 
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referred to by Foster’®** as a ^‘probable path of sensations of 
one kind or another from the body at target* 

The neural lobe may well be, therefore, the organ in which, 
repeating Schafer’s words, we can “localize cutaneous sensibil- 
ity’^ and in fact sensory impulses received from mucous mem- 
branes, muscles, etc., since in Goltz’s dog all functions, digestion, 
salivation, urination, etc., which involve reflex actions, were per- 
formed normally. As stated in the preceding section, moreover, 
this lobe is the only organ “lying between the cerebral hemi- 
sphere above and the top of the spinal cord below,” as Foster 
says, that is capable structurally of carrying on the functions 
of a center. Finally, that it is actually the seat of sensibility is 
clearly suggested by the presence of various disorders of sensa- 
tion when the pituitary body is diseased. 

In acromegaly, for example, very severe headache of a neu- 
ralgic type is commonly observed. It is usually limited to the 
head but may extend over the entire body, as in a case reported 
by Hynianson,’®” or be localized, as in tliat observed by Pirie, 
who specifies “the face, chest, back and loins.” The facial 
neuralgia is essentially within the domain of the fifth pair as 
emphasized by Oubler.”® EosenhaupP^i found that when this 
characteristic pain was present, the skin of the face was hyper- 
sensitive. Breton and Michaut”* noted that pressure on the 
points of exit of the fifth caused intense pain, with typical signs 
of acromegaly. In one of M. Allen Starr’s cases”® the pain was 
agonizing and was constant over the forehead and back of the 
eyes. In another instance, recorded by 0. T. Osborne,”* the pain 
is stated by him to have been “directly over the pituitary body” 
while the autopsy “revealed a plate of bone making pressure at 
this very point.” 

Disorders of sensibility of other kinds may likewise occur. 
Paracsthesia of the lower extremities and back was observed by 
Pearce Bailey"® in a case of tumor of the pituitary, in which 
this organ was found, after death, to have been the seat of an 

i®® Foster: Loc, ctt., p. 71fi. 

“•Hymanson: Med. Record, July 1, 1899. 

*®Gubler: Correspondenzblatt f. d. Schweizer Aerzte, Dec. 16, 1900. 

Rosenhaupt: Berl. kiln. Woch., Sept. 28, S. 893, 1903. 

Breton and Michaut: Oaz. des HOpltaux. Dec. 13, 1900. 

M. Allen Starr; Med. Record, Feb. 3, 1900. 

^*0. T. Osborne: Ihid., Mar. 4, 1899. 

^“Pearce Bailey: Ibid., Apr. 16, 1898. 
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extensive hajmorrhage. In his case of acromegaly, Pirie noted 
“shooting pains in combination with paraesthesia, tingling and 
numbness’^ of the arms and legs, and “a remarkable perversion 
of thermic sensibility” in the lower limbs, front of the abdomen 
and chest to about the level of the fourth rib, the patient having 
“no sensation of heat in these regions,” and he refers to Stern- 
berg as remarking “particularly on the occurrence of pain and 
parajsthesia as valuable signs for diagnosis in the early stages of 
the disease.” Many similar instances could be quoted. 

This is strikingly controlled by the fac;t that removal of the 
pituitary abolishes sensation even of the most sensitive nerve of 
the body, the fifth pair. Thus Cyon not only observed in the 
course of his investigations in a very large number of animals 
(though working in different lines) that removal of the pitui- 
tary annulled nasal sensory phenomena, sneezing, etc., but he 
also specifics““ that all the nerves, indudiny the fifth and glosso- 
pharyngeus, “lost their reflex infiueiice after the pituitary body 
had been removed.” The inference is obvious in view of the 
fact that section of the fifth deprives the nasal surface's of sen- 
sibility. Whether severed between the nasal surfaces and the 
bulb, or between the latter and the pituitary body or destroyed 
along with the latter amounts to the same thing: wo arc brought 
to the inevitable conclusion that the fifth is also under the 
domain of the pituitary body — a fact which in turn explains 
why lesions of this organ can provoke sensory phenomena 
throughout the entire organism, for the fifth is but ‘a portion 
of the great system of common sensation. 

All these phenomena belong, however, to the domain of 
common sensihility. Do other special senses show evidence of 
being related in any way with the pituitary body ? 

Smell is sometimes impaired and even lost in acromegaly, 
as shown by eases reported by Joffroy,”^ Leszynsky,”'* Eox- 
bnrgh and Collis,“® and others. A study of the question — the 
details of which T will not inflict upon the reader — showed that 
the sense of olfaction per se could be influenced indirectly, the 
morbid effects being due to ischa?mia and impaired nutrition of 

Cyon: Rlchert's “Diction, de physiol.,** vol. Iv. p. 131, 1900. 

”T.Toffroy: Le progr^s m4dlcal, Feb. 26. p. 129, 1898. 

Leszynsky: Med. Record, Mar. 4, 1899. 

Roxburgh and Collls: Brit. Med. Jour., July 11, 1896. 
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the olfactory area through involvement of the sympathetic cen- 
ter in the neural lobe. Another source of disorder in the nasal 
cavities is brought about through the sensory fibers of the 
mucous membrane. As stated by Haycraft/*" ^^the fifth is the 
nerve of common sensibility to the nose, and in the case of dis- 
ease or section of this nerve, irritants such as pepper, chlorine, 
and ammonia, produce no irritating effect.” This statement is 
suggestive in view of the fact that removal of the pituitary body 
by Cyon produced, we have seen, identically the same effect. 

While there is no ground for the conclusion that the pitui- 
tary body receives odoriferous impressions as far as available 
evidence is concerned, therefore, the common sensibility im- 
pressions are clearly referable to this organ. 

Vision is impaired in a large proportion of cases of acrome- 
galy — 91 times in 174 cases according to Hertel'*' — and blind- 
ness is a frequent r(?sult. Optic nerve disorders are, at least in 
part, ascribablc to pressure of the enlarged organ on the optic 
chiasm. Bi-temporal or one-sided temporal hemianopsia for form 
and color is also observed. The symptoms may appear early and 
follow a progressive course; conversely, the disease may have 
existed many years before visual disturbance appears. As shown 
by the statistics of Hertel, they may not appear at all, though 
the typical symptoms of acromegaly be present. In such a case, 
reported by Ferree Witmer^^^ for instance, the eyes were exam- 
ined by W. Campbell Posey. ‘‘As a result of the ophthal mo- 
logical examination,” says the latter, “it is evident that there 
is no pressure anywhere on the optic tract.” Interesting in this 
connection, is the fact that among the symptoms recorded in this 
case was a “marked reduction of the common sensibility” and 
that “the sensibility of the fauces was also considerably dimin- 
ished.” In another case of acromegaly observed by Packard 
and Cattell, reported by Spiller,^*® “the visible fields for form 
and color were normal; the pupils responded freely to light in 
accommodation and in convergence” and yet common sensibil- 
ity was markedly reduced. Thus tests to determine the rate of 
sense perception showed “a retardation of reaction time to forty 


i»Haycraft: Schafer’s “T. B. of Physiol.,” vol. 11, p. 1247, 1900. 
Hertel: Archives f. Ophthal., Bd. %11. Abt. 1. S. 187, 1896. 

Ferree Wltmer: Intern. Med. Mag., Jan., 1898. 

^Splller: Jour of Nerv. and Mental Dls., Jan., 1898. 
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per cent, below the normal.” At the autopsy a round-celled 
sarcoma about the size of an English walnut was found in the 
pituitary body which pressed upon the optic nerves. 

Apart from the impressions of common sensibility, the ana- 
tomical connections of the visual tract do not present features 
which suggest a direct functional connection with the pituitary 
body. Indeed, Goltz^s dog, though sensitive to a bright light, 
could not actually see. This docs not apply of course to the 
oculo-motor muscles which in common with other muscles, are 
also related through the bulb, with the latter. Hence the stra- 
bismus often observed in acromegaly and neoplasms of the pitui- 
tary. 

We arc again brought to conclude, therefore, as far as the 
main functions of the eye are concerned, motion and common 
sensibility are the only ones related directly with the pituitary 
body. 

Hearing is occasionally impaired in acromegaly, but a feat- 
ure which stands out prominently in this connection is that dis- 
orders of sensibility appear always to be present concurrently — 
even when the very frequently observed symptom, tinnitus, fails 
to appear. In Pirie’s case, for example, tinnitus accompanied 
the marked sensory disturbances to which reference lias boon 
nmde. In ITymanson’s it also coincided with numbness of the 
hands. In Lackey tinnitus and impairment of hearing oc- 
curred in conjunction with numbness of botli feet and hands. 
Deafness may also appear along witli cutaneous hyperjestliesia 
as in Breton and MichauPs case. Conversely, (Jibson states that 
his patient “was not at all deaf” and that “ordinary sensibility 
to touch, pain, heat, cold and electric stimuli was intact;” in 
drinker case the special senses were normal and “the pain, 
touch and temperature senses” likewise. All these phenomena 
are readily accounted for by the fact that aside from the auditory 
nerve distributed to the cochlea, the vestibule and semicircular 
canals, tlie membrana tympani receives fibers from the fifth pair. 
“Although the innervation of the membrana tympani has not 
been conclusively established,” write McKendrick and Gray,^®* 
“there is little doubt it is supplied with sensory nerves by the 

Lackey: Phlla. Med. Joup., .July 22. 1899. 

Orlnker: Chlcai^o Med. Recorder, Dec., 1903. 

McKendrIck and Gray: Schafer’s “T. D. of Physiol.,*’ vol. II, p. 1157, 1900. 
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fifth, and also by the tympanic plexus, formed by fibers derived 
from the otic ganglion, from the petrosal ganglion of the glosso- 
pharyngeal, and from the carotid plexus.’^ The aural symptoms 
of acromegaly, therefore, are not preversions of the sense of 
hearing^ but disorders of general sensibility. 

Taste is rarely referred to as being morbidly influenced by 
disorders of the pituitary, but it is probable that the condition 
of this sense is seldom inquired into. It is occasionally men- 
tioned, however, among the symptoms of acromegaly and tumor. 
In Gibson’s case, the food had to be highly seasoned before it 
could be tasted. In a case which proved to be one of melanotic 
sarcoma of the pituitary observed by Agostihi^®^ impairment 
of taste coincided with auditory, visual and olfactory parais- 
tliesia and with “obtuse general sensibility.” Here again we 
have not only glosso-pharyngeal fibers and the lingual terminals 
of the chorda tympani, but also the lingual branch of the 5th, 
which supplies the anterior two-thirds of the tongue with com- 
mon sensibility. 

This terminates the list of special senses. It has become 
apparent that the only special sense clearly related with the 
posterior pituitary is that of general sensibility. 

Although this organ thus asserts itself as a terminus for 
impressions included within the precincts of a single special 
sense out of the five, the function it fulfills in this connection is 
a far-reaching one as interpreted from my standpoint, since it 
means “the sensations of one kind or another from the body at 
large,” including those from the gastro-intcstinal mucous mem- 
branes, the muscles, etc. 

We can now understand why Mills could write that “innum- 
erable cases have been reported of lesions of the cortex” or excis- 
ion of portions thereof failed to produce “the slightest impair- 
ment of sensibility,” and why Schiifer was unable to say whether 
cutaneous sensibility was localized at all in the cortex. The 
foregoing facts obviously show that the cortex is not the organ 
through which such sensations are perceived. Indeed, Cyon’a 
observation in relation to the loss of sensibility of the nasal 
mucous membrane after removal of the pituitary is but a limited 
example of the morbid influence of this procedure : Vassale and 

Agostini: Rivista di patol. Nery. e Ment., Fasc. iv, 1899. 
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Sacchi^*® found that the animals submitted to it remained totally 
indifferent to excitation— esiAencQ that their general sensibility 
had been destroyed. It is plain, therefore, that the posterior or 
neural lobe of the pituitary body receives impressions of general 
sensibility from the body at large. 

Sensory impulses of this kind awaken normal motor stimuli 
in animals deprived of their brain. Thus in Goltz’s dog, there 
was no loss of muscular co-ordination although the animal was 
not, of course, deprived of its pituitary. And yet, this phenom- 
enon always attends removal of this organ, even though the 
cerebellum and the semicircular canals be normal, 'irhe pitui- 
tary body must, therefore, exercise an all-pervading influence 
over motor phenomena. What is the nature of this influence? 

Clinical data throw considerable light upon this question 
provided several confusing facts are borne in mind and mis- 
leading cases are avoided. First among the former, is the re- 
serve of functional elements with which the pituitary body, in 
common with the ^‘ductless glands,^’ is endowed, which makes it 
possible for this organ to carry on its functions even though con- 
siderable of its substance is destro5^ed. Thus, Vassale and Sac- 
chi’^” in the course of their experiments on cats and dogs, in 
which total extirpation of the pituitary invariably proved fatal, 
only partially destroyed it in one of these animals, as previously 
stated. The characteristic phenomena were observed for about 
three weeks, after which the animal gradually recovered and re- 
mained healthy. At the end of eleven months it was killed and 
the incomplete destruction was confirmed. Friedmann and 
Maas^®® also refer to three animals which were killed after two 
and one-half, tliree and four months after a supposed destruc- 
tion of the organ ; but this was found to have been incomplete. 

This partial destruction may be due to disease. As empha- 
sized by Burr and Kiesmann,'-'*' the pituitary body can also carry 
on its functions, even though a part of it be diseased. Thus 
in a case of tumor of this organ in which no signs of acromegaly 
were present, they found a considerable portion of its elements 

^"Vassale and Sacchl: Rev. sper. dl fren., p. 83, 1894. 

Vassale and Sacchl: IMd. 
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intact. In a case reported by Walton, Cheney and Mallory^®* 
a part of the pituitary body was also found normal. 

Another clinical feature which tends to obscure the role of 
the pituitary body is the extension of a morbid process in this 
organ to structures above, or the presence, simultaneously, of 
cerebral, bulbar or spinal lesions. The cases quoted herein are 
of such a nature as to prevent confusion on this score; they in- 
clude only such disturbances as those witnessed experimentally 
either during stimulation or after extirpation in normal animals. 

Irrespective of these sources of confusion, the functional 
relationship between the pituitary and the muscular system 
may easily be discerned. Thus, while Pironne^®® found experi- 
mentally in common with other observers, that ^The results of 
removal” are “disturbances of mobility, great depression, rapid 
emaciation, cachexia and death,” RatlP®* enumerates the symp- 
toms of tumor of the organ in the order of their frequency as 
follows: headache, generally frontal and temporal; vomiting; 
vertigo; disturbances of motion, spastic and paretic; disturb- 
ances of speech; disorders of the pupil; paralysis of the ocular 
muscles; diabetes mcllitus and insipidus. The ocular motor 
disturbances, “vomiting,” “motion” and “speech,” bring into 
play almost all the muscles of the organism governed by the 
cranial nerves, including the tenth (vagus) and fifth. In 
Agostini’s case of sarcoma of the pituitary, muscular asthenia 
was a prominent symptom, although the characteristie signs of 
acromegaly were absent. In another case of tumor reported by 
Howard and Southard,^®® “some unsteadiness of gait” was noted 
four years before death, suggesting not only muscular weakness 
but impairment of co-ordination. In Walton, Cheney and Mal- 
lory’s case,*®® an angiosarcoma had destroyed the pituitary in 
part, without giving rise to clearly-defined symptoms of acrome- 
galy; and yet the patient’s gait was “slow and dragging” and 
the muscular weakness increased until “extreme prostration” 
was reaehed. In a case characterized as “ataxia but without any 
signs of acromegaly,” observed by T. W. P. and J. Lawrence,*®^ 
the pituitary was found enlarged and the posterior lobe was de- 

'** Walton, Cheney and Mallory; Boston Med. and Surg. Jour., Dec. 7, 
im pirrone: La liforma medica, Feb. 26, p. 205, 1003. 
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stroyed. Masay'*® observed that after removal of the pituitary 
body, the animals (dogs) though they tried to do so, were "un- 
able to stand,” the ataxia being “complete.” 

Such paralytic phenomena also occur in advanced acrome- 
galy. Here, muscular asthenia is a prominent feature. Even in 
cases such as those reported by Virchow, Dana, Woods Hutchin- 
son and others iii which there is marked increase in bulk and 
muscular strength, in wrestlers, giants, etc., this symptom 
forms part of the cachectic stage into which the patient ulti- 
mately lapses. “In the earlier stages in some cases,” writes 
Woods Hutchinson, “there is a decided increase in both mus- 
cular bulk and power, but this rapidly reaches a maximum and 
thereafter quickly declines.” But he also concludes in accord 
with Dana, Tamburini and Harlow Brooks, that acromegaly 
and giantism arc “tlie result of a normal or glandular hyper- 
trophy of the entire pituitary body beginning in and chiefly 
affecting the anterior lobe, but even extending to and affecting 
the posterior or nervous lobe.” All cases of acromegaly which 
do not die of some intercurrent disease, in fact, lapse into what 
amounts practically to muscular impotence. 

And we have here but the uncomplicated type. Along with 
the muscular asthenia we may have mixed symptoms. Where 
in other words there was merely “increasing weakness,” with 
“no evidence of paralysis” we now witness besides, phenomena 
recalling neuroses and muscular dystrophies of various kinds — 
syringomyelia; unilateral, bilateral or localized paralyses; pro- 
gressive muscular atrophy, etc. In some cases related by 
Duchesnau’^® for instance, “atrophy of the muscles was so 
marked, that it had been mistaken for syringomyelia, progressive 
muscular atrophy” and other kindred disorders. In a case re- 
ported by Pirie’^^ (who quotes Duchesnau’s), the muscular 
weakness not only became intense, but this was attended by atro- 
phy of various muscles of the hands, arms, calf, thigh, and of 
the glutei. 

On the whole, it is evident that the “neural” or posterior 
lobe of the pituitary, when diseased alone or in conjunction with 

“■Maaay: Loc. cit, pp. 16, 17. « . ^ 
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the anterior lobe, can provoke a great variety of motor disorders, 
a fact which, in view of the loss of muscular co-ordination, the 
marked relaxation of all muscles and the profound asthenia 
that follow extirpation of the pituitary — including of course the 
neural lobe — clearly point to the latter as the scat of general 
motor centers. Its inlliience is not limited to the skeletal mus- 
cles, since, as we have seen, it governs also the sympathetic sys- 
tem, whose terminals are distributed to the muscular coat of the 
arterioles. 

We can now understand why organic lesions, gradually 
as they destroy the cellular elements of the posterior pituitary, 
give rise to promiscuously-distributed disturbances of sensibility 
and motility. It receives sensory impulses from all muscles, 
skeletal, gastric, intestinal, diaphraghmatic, cutaneous, ocular, 
etc., and from the mucous membranes, then converts and co- 
ordinates all these impulses into motor stimuli which it sends 
back to the muscles, to sustain the many functions with which 
they are connected and to enhance their activity, when need be. 

The view still prevails in the minds of many that the cere- 
bellum is the co-ordinating center of muscular movements. Fos- 
ter says, in this connection, that experimental and clinical in- 
vestigations “have thrown little or no light on the exact nature 
of the part which the organ plays in the complex process, but 
perhaps rather show that we are at present wholly ignorant of 
how co-ordination is hrought about/' He states also, however, 
referring to the pituitary Ixidy : “Concerning the purposes of the 
organ as a whole, we know absolutely nothing.” ^Fhe foregoing 
evidence, contributed since he wrote these linos, clearly sug- 
gests that the true co-ordinating center is the neural lobe of 
the pituitary body. 

Foster*^* terms “the machinery of co-ordinated movements” 
structures “lying between the cerebral hemisphere above and 
the top of the spinal cord below;” but as to how “this machinery 
is related to the various elements which go to make up this part 
of the brain” he says “the only answers which we receive are of 
the most imperfect kind.” Physiologists, in fact, have fur- 
nished no answer. Experimental evidence, however, has brought 
them to structures immediately overlying the pituitary body 


Foster: Loc. cit„ p. €61. 
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and connected with it, but structures presenting no organization 
capable, after removal of the brain, of accounting for the con- 
tinuation of all somatic functions. We have seen that Kainon 
y Cajal— though unaware of the functional importance of the 
pituitary body — found that it was connected by afferent and 
efferent, i,e,, sensory and motor fibers with the great nucleus 
situated immediately above this organ, which nucleus, as pre- 
viously shown, is itself connected by nerve-paths with “the top 
of the spinal cord below.” The neural lobe of the pituitary 
thus asserts itself as the chief center of the “niaehiiicry of co- 
ordinated movements,” as well as the seat of common sensi- 
bility. 

The vast scope ot these functions is summarized in the fol- 
lowing postulates: (1) the cortex is not the only oryan thronyk 
which culaneous and internal sensations are directly per- 
ceived; (2) these sensations, which include pain, heat, cold, pres- 
sure {constituting touch), hunger, thirst and the muscle and 
spatial senses, are perceived hy and through the neural or poster- 
ior lohe of the pituitary body; (3) this organ also receives all 
sensory impulses which reflexly incite and sustain the secretory 
activity of all glands (gastric, intestinal, pancreatic, salivary, 
lachrymal, lacteal, etc,), and the contraction of all muscles, 
striped and unstriped, peripheral or intertml (including those 
of the vessels and heart, the stomach, intestines, bladder, etc,) ; 
(4) the processes thus governed by the posterior pituitary body, 
are not mere reflex phenomena such as those elicited from sub- 
sidiary nerve-centers, e,g,, those in the medulla oblongata and 
spinal cord; they include all functions ivhich require conscious 
and to a certain extent intelligent co-ordination. 

This involves the conclusion that the neural lobe of the 
pituitary is the general center of all the cranial nerves con- 
cerned with common sensation and motion, besides the sympa- 
thetic center studied in the preceding section, with which the 
cranial centers are in close functional association, as will be 
shown. 

The manner in which these nerves carry on their functions 
in the peripheral organs, and their functional relations with 
the sympathetic terminals will be studied in the eighteenth and 
twentieth chapters. 
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THE PITUITARY BODY AS THE GOVERNING CENTER OF 
THE ADRENALS, AND AS THE THERMOGENIC AND 
RESPIRATORY CENTER. 

In the first volume, I pointed out that the pituitary body 
contained the adrenal center. The importance of this con- 
clusion is apparent in view of the fact that the adrenals are the 
source of the secretion which, in the lungs, becomes adrenoxi- 
dasc. This is further emphasized by the relationship of the 
pituitary body, as heat center, with the function of oxygena- 
tion. We saw in the preceding section, that the supposed heat 
‘^centers” found by Ott and others in the floor of the third 
ventricle were in reality not centers, and that the effects pro- 
duced were due to irritation of the nerve-paths from tlic pitu- 
itary body which reached the spinal cord by way of the basal 
tissues. 

In the preceding section, it was shown also that the sen- 
sory and motor nerves to and from the pituitary body were 
connected with the mass of gray matter overlying the infundi- 
bular opening in the floor of tlie third ventricle, the giant-celled 
supra-infundibular nucleus, and that the sympathetic nerve- 
paths took this route. A suggestive feature asserts itself in 
this connection: While these motor paths (which, as shown by 
the researches of comparative anatomists, especially Edinger, 
are probably present in all vertebrates) correspond clearly with 
those observed histologically by Ramon y Cajal, the fibers which 
Gentes traced from the neural or posterior lobe of the pituitary 
to the tuber cinercum in the floor of the third ventricle, and 
which Andriezen traced directly from the pituitary to the neigh- 
borhood of the pons, were not involved in these functions, and 
have remained, as it were, without occupation. Now, the fibers 
traced by Gentes are precisely those derived indirectly from the 
sensitive cells (similar to those of the olfactory area) which this 
investigator found in the partition between the two lobes of the 
pituitary, and which area 1 assimilate to the test-organ of mol- 
lusks, the lower chordata, etc. 

That the fibers from the test-organ form part of the nerve- 
chain which terminates in the adrenals, is suggested also by the 
fact that it is also among its fibers in the tuber cinereum that 
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punctures — froin below by way of the mouth as well as from 
above — were found by Ott, and others after him, to cause a 
marked rise of temperature. With the adrenals as the source 
of the secretion which, converted into adrciioxidasc, supplies 
the entire organism with oxygon, and a direct nerve-path from 
the ^‘test-organ” of the pituitary, by way of the lloor of the 
third ventricle and the cord, to the adrenals, we have a self- 
evident mechanism to explain an obscure function, i.c., the 
manner in which the temperature is raised. 

Another important function is linked intimately with this 
meclianism, viz., that of respiratory center. Soury,'^-* quoting 
Ott, states that ^^the gray substance of the anterior portion of 
the lloor of the third ventricle” (immediately above the pituitary 
body) is “identical with the thermo-poly piunic center” and that 
“removal of this center diminishes the number of respiratory 
movements.” Ott therefore regards the tuber cinereum as a 
“center of polypnoea and ^/icr/aotaxis.” In view of the for(*- 
going facts, this points not only to the “test-organs” as the 
thermogenic or “heat” center, but also as the polypnanc or 
respiraior)! center, and, moreover, to the tuber (unereum as the 
bed for the nerve-paths from these centers to the pons and 
medulla. This adds testimony as to the functional connection 
between the pituitary body and the adrenals, since it is the 
secretion of the latter which, as adrenoxidase, supplies oxygen 
to the entire organism. 

'riic role of the respiratory center involves, however, a con- 
comitant influence upon the large array of inspiratory and ex- 
piratory muscles (chest, diaphragm, abdomen, etc.) which carry 
on their functions rhythmically without voluntary control. We 
have seen in the preceding section that the posterior lobe of the 
pituitary, in which tin* thermogenic fibers arise, is also the ori- 
gin of the nerve-chains that govern muscular activity. In most 
text-books the respirator}'' center is said to be located in the 
medulla near the vasomotor center. As TlovvelP** says, how- 
ever, “the region has been delimited by vivisection experiments 
only” and “no especial group of cells can be found in this re- 
gion sufficiently separated anatomically to make it probable 

Soury: Loc. cit., vol. II, p. 1256. 

Howell: ‘‘T. B. of Physiol., p. 611, 1905. 
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that they constitute the center in question.” This cannot be 
said of the posterior pituitary body. Not only does it present 
all the attributes of a highly differentiated co-ordinating organ^ 
such as the presence of various centers closely connected func- 
tionally requires, but its removal (with the anterior lobe) is 
followed, as we have seen, by marked muscular relaxation, dysp- 
noea and hypothermia. 

The adrenals thus represent the normal terminal of a 
nerve-chain which begins in the ‘Hest-organ,” passes thence 
by way of the neural lobe of the pituitary to the tuber cincreum 
and then to the ponto-racdullar region. Hero, a continuation 
of this path is evidently present, for Reichert^*® refers to a 
“pontobulbar Wiemoaugmentor center,” the presence of which 
in this location he determined experimentally. What is the 
course of the adrenal nerve-path from this region to the 
adrenals ? 

Goltz and Ewald^^® have shown that an animal from which 
the entire spinal cord below the bulb had been removed — thus 
leaving intact all the cranial nerves and tlic basal structures, 
including the pituitary body-— could live several years. Soon 
after the operation the vessels recover their tonicity and the 
circulation becomes practically normal. Yet there occurs a 
curious phenomenon which continues several weeks: the ani- 
mal is in constant danger of death from cold unless it be kept 
in a superheated medium. Goltz emphasized another striking 
feature, i.c., the occurrence of marked trophic bilateral lesions 
of the skin when, in gradually shortening the cord from below, 
in successive operations, he reached the upper dorsal vertebra. 
These two features suggest that the upper part of the cord is 
of great functional importance in thennogenesis and nutrition. 
Claude Bernard'^^ had shown many years before that transec- 
tion of the cord in the upper dorsal region could bring the 
rectal temperature down 16® C. (28.8® F.) in five hours. In- 
deed, Pochoy^^® found that a section in this region brought 
the rectal temperature down over 22° C. (41.6® F.) in twenty- 
four hours in guinea-pigs and that it continued to decline until 


Reichert: Jour. Amer. Med. Abboc., Jan. IS, 1902. 
iMQoltz and Ewald: Archiv f. d. ges. Physiol., Bd. 1x111, pp. 302, 400, 1896. 

Claude Bernard: “Lecons sur la chaleur anlmale/' p. 161, 1876. 
^^Pochoy; Thdse de Paris, 1870. 
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death ensued. It is evident, therefore, that division of the 
upper dorsal cord seriously invalidates the thermogenic appara- 
tus. 

The truth of this is emphasized by the fact that transec- 
tion of the cord lower down causes only temporary torpor of 
the automatic functions. “If we wait for a time,^^ says Stew- 
art,^*® “we shall find that this torpor of the lower dorsal and 
lumbar cord is far from giving a true picture of its normal 
state ; that, cut off as it is from the influence of the brain, it is 
still endowed with matvelous powers. If we wait long enough, 
we shall see that, although voluntary motion never returns, re- 
flex movements of the hind-limbs, complex and co-ordinated to 
a high degree, are readily induced. Vasomotor tone comes 
back. The functions of defecation and micturition are nor- 
mally perfonned.^^ As I will show below, this is due to the 
fact that the nerves to the adrenals are not included in the por- 
tion of the cord separated from the centers. Tlie subsidiary 
vasomotor centers in the lower or separated segment of the 
cord being nourished and oxygenized as usual after the shock 
of the operation has passed and when a collateral circulation 
is reestablished, the vasomotor functions are resumed. This 
explains also why the process of repair proceeds unfailingly, 
whereas section in the upper portion of the cord, unless great 
precautions are taken, follows a lethal course. 

Ott'®® states that “destruction of tlie spinal cord from the 
fifth dorsal vertebra down permits the animal to generate as 
much heat as before the operation.” This harmonizes with my 
own conception of the process : below this level, the only morbid 
phenomenon connected with the circulation which can be caused 
is vasodilatation ; hence the comparatively benign results. Above 
it, however, the transection involves not only the vasomotor 
supply, but, also, the “thermogenic” nerves, i,e,, those to the 
adrenals. It follows that these nerves constitute an autonomous 
path, one totally independent of the vasomotor path. Now this 
has repeatedly misled physiologists. Overlooking the presenct) 
of this independent thermogenic nerve, they have ascribed to 
vasomotor influence, vasoconstrictor phenomena that were due 

Stewart: Loc. cit., p. 694. 

“®Ott: Loc. cit., p. 348. 



1012 THE PITUITARY AS CENTER OP VITAL FUNCTIONS. 

to stimulation of the adrenals^ the secretion of which^ as is well 
known, causes a rise of the blood-pressure. “Hardly any other 
agent will produce such an enormous increase of pressure,’^ 
writes Schafer, referring to injections of adrenal extract 
after division of the vagi, “except direct stimulation of the 
vasomotor center.’^ 

Moreover a dml effect is produced when this part of the 
path or its branches arc stimulated which does not occur when 
the influence of the adrenals is removed. Thus, Frangois- 
Franck and Hallion’®^ have shown that the vasomotor nerves of 
the liver leave the spinal cord by the rami below the fifth, i.e., 
the sixth down to the second lumbar. These limits have been 
confirmed by Langlcy.^®“ The former physiologists remark, 
however, tliat “centrifugal excitation of the vertebral nerve 
(composed of four or five of the lower cervical nerves) after 
section of the upper rami communicantes (from the first to the 
fifth) no longer produces hepatic vasoconstriction” — a state- 
ment which implies that stimulation of the vertebral nerve does 
produce hepatic vasoconstriction. '^Flie manner in which this 
effect is brought about, Frangois-Franck and Ilallion were un- 
able to explain, however; they ascribed them therefore, to “reflex 
action” or to some nnexplained **indirect influence/* This in- 
fluence, interpreted from my standpoint, is that of the adrenals. 

The mode of action of the adrenal secretion, in the light 
of the facts submitted in the first chapter, is, of course, indirect, 
in the sense that it is first of all converted into adrenoxidase. 
This latter substance being the activating agent in all meta- 
bolic processes, an excess in the blood enhances its oxygenizing 
power in proportion. When such blood is supplied to the ar- 
teries and veins by their vasa vasorum, their muscular elements 
are abnormally stimulated and contract, reducing the caliber of 
the vessels. 

The thermogenic fibers proceeding no further down the 
cord, as shown by Ott’s experiment, than the fifth dorsal ver- 
tebra, this “unexplained indirect influence,” i.e,, overactivity of 
the adrenals, should occur when the upp(ir five dorsal nerves 
(which pass to the sympathetic cord of ganglia) are stimulated. 

Schafer: “T. B. of Physiol./* vol. 1. p. 955, 1898. 

Francols-Pranck and Halllon: Arch, de physiol., T. vlll, No. 5, p. 936, 1896. 

Langley: Schkfer’s ‘^T. B. of Physiol.,*’ vol. 11, p. 644, 1900. 
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Frangois-Franck and Hallion found that stimulation of the 
sympathetic chain where, they state, has not as yet received 
from the spinal cord the hepatic vasoconstrictor rami'* caused 
“a marked rise of aortic pressure.” Even more striking is the 
effect produced when the sympathetic cord had been isolated by 
dividing the rami containing the hepatic vasomotor nerves, Tliis 
caused, as stated by these physiologists and as shown by their 
tracings, ‘^the maximum vasomotor effecU^ Obviously, the upper 
portion of the sympathetic chain was capable of causing, irre- 
spective of any vasomotor influence, a very marked increase of 
vascular tension in the liver — an elleet due to the general rise 
of blood-pressure caused by the excessive adrenal secretion, i.c., 
adrenoxidase, produced. 

What is the identity of the nerves which, out of the five 
upper dorsal nerves, produce this effect by transmitting centric 
impulses to the adrenals? 

These impulses doubtless pass to the sympathetic chain 
through more than one ramus. Thus, Frangois-Franck and Ilal- 
lion state : ^‘Division of the upper root was followed by marked 
reduction of the vasoconstrictor effect,” but tlicy do not refer 
to the specific influence of the four remaining rami. Fortun- 
ately, however, this gap is filled by the experiments of Biedl to 
which reference was made in a previous chapter.’*^* 

We have seen that it was on stimulating the peripheral 
end of the cut splanchnic that he increased the secretory ac- 
tivity of the adrenals, a result confirmed by Dreyer. Biedl 
thus showed that the splanchnic contained the secretory nerves 
of the adrenals. In order to ascertain, if possible, whether 
these organs contained vasomotor nerves also, he exposed and 
divided all the spinal roots from the third thoracic to the third 
lumbar, and stimulated both their anterior and posterior seg- 
ments ‘Vith a strong induction current.” Not only did he not 
observe vasoconstrictor effects, in the adrenals, but he failed 
to obtain any evidence of overactivity of these organs, i.e., an 
increased blood-flow through them. This experiment — which 
Biedl repeated three times, always with the same result — in- 
dicates that the secretory nerves to the adrenals do not origin- 
ate in the spinal cord up to the third thoracic. 


C/. this vol.. p. 810. 
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This gives US the identity of the path to the adrenals. In- 
asmuch as Frangois-Franck and Hallion markedly reduced the 
“maximum vasomotor elfects” (so-called) observed by them, by 
dividing the first thoracic ramus, a part of these effects remains 
unaccounted for. This is supplied by BiedFs experiment since 
it left, as tlic only ramus to supply this want, the second. This 
points to the first and second dorsal rami as the paths of the 
thermogenic fibers to the sympathetic chain and thence to the 
greater splanclmic. 

Additional experiments suggest, however, that the third 
thoracic ramus likewise contains fibers to the adrenals and that 
Biedl did not detect them because impulses through a single 
bundle were inadequate to satisfy the needs of a process carried 
on normally through three sets. Thus precisely as Frangois- 
Franck and Hallion obtained hepatic (so-called) “vasomotor” 
effects by stimulating the sympathetic chain above the course 
of the liver’s true vasomotor nerves, so have Bulgak, Sehiifer 
and Moore and Bunch obtained “vasomotor’^ effects in various 
organs from the third thoracic nerve, among others, though 
their normal vasomotor paths are lower down. Bunch,^°® for 
example, had established the limits of the innervation of the 
small intestine from the sixth thoracic and fifth lumbar, in- 
clusive. Later, however,^®’* he likewise obtained “vasomotor” 
effects in the small intestine by stimulating the upper thoracic 
nerves from the second down. Langley/^'"' referring to these 
results, expresses his belief that the origin of these nerves is less 
(?xtcnsivc and that the uppermost nerve to send fibers to the solar 
ganglia is the fourth or fifth thoracic. Yet, we cannot doubt 
that the above-named physiologists, including Bunch, obtained 
“vjisomotor” effects by stimulating nerves above the fourth 
thoracic: but only through the intermediary of the adrenals. 

Indeed, a nerve-path is present in the sympathetic chain 
which is distinct from the true vasomotor, and which extends 
to the upper thoracic limit of the sympathetic chain. Quain,”® 
for instance, states that some fibers of the splanchnic’s higher 
roots “may be traced upward in the sympathetic cord as far as 


Bunch: Jour, of Physiol., vol. xxll, p. 357, 1898. 
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the first and second thoracic ganglia. Gray’-‘“ gives the same 
limits. Cruveilhier^**^ says that these filaments “are merely in 
contact with the sympathetic." 

Proof that the adrenal secretion can produce vasomotor 
effects may also be furnished by showing that in the parts in- 
fluenced, the small intestine, for instance, there are, as in the 
case of the liver, two distinct forms of vasoconstriction, one 
due to vasomotor nerves and the other to the local action of 
adrenoxidase, and that when one is removed the other persists. 
Intestinal inhibition affords evidence of this dual action. Wc 
have seen that “inhibition" is merely excessive vasoconstriction. 
Now, Schiff, Ludwig and Kupffer, Bechterew and Mislawsky 
(Starling^®^) have observed both a motor effect (increased peri- 
stalis) sometimes, and inhibition at others. Bunch has also 
shown that stimulation of the splanclinic could cause increased 
intestinal activity and at other times inhibition. “Jacobi," says 
Starling, in a review of the subj(‘ct, “states that the in- 
testinal inhibitory fibers of the splanchnics take a different 
course from the vasomotor fibers, and that section of the nerves 
running from the suprarenals to the solar plexus annuls the in- 
hibitory action of the splanchnics without affecting their vaso^ 
comtridor effect/^ Suppression of the adrenal infiuence in this 
experiment obviously pnwented excessive vasoconstriction. 

It is evident, therefore, that the first, second and third 
thoracic nerves — the three ahove the uppermost limit set by 
Langley for sym2)athetic vasomotor fibers which run to the so- 
lar plexus — constitute a separate i)ath, the secretory nerves to 
the adrenals. 

Having attributed to the pituitary the role of “heat" cen- 
ter, owing to ft nervous connection with the adrenals, and the 
presence of such a connection having now been shown to exist, 
the adrenal secretion should be capable of raising the tempera- 
ture when in excess (as adrenoxidase) in the blood. This is 
a recognized effect of adrenal extractives. Thus Oliver and 
Schafer^®^ observed under its effects “slight transitory disturb- 
ance of the rate of the heart beats, of the respiration, and of the 

Gray: **Anatomy,” flfte(«nth edition, 1901. 
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body temperature/^ Pellacani/®® Poa^®* and other physiologists 
have likewise observed, besides the characteristic eflEects, a rise 
of temperature. E. T. lleichcrP®® noted that among other ef- 
fects an intravenous injection of 0.0005 gramme adrenalin 
caused “an increase of general metabolism and body tempera- 
ture.^^ His experiments showed that “the pulse and arterial 
pressure are the first to be affected, then the respiratory move- 
ments, and then general metabolism and body temperature.” 
This is a suggestive sequence when we consider that the adrenal 
secretion, after absorbing oxygen in the lungs, becomes, as I 
have shown, the body’s oxygenizing principle. Conversely, we 
have seen that removal of tlie adrenals, precisely as is the case 
when the pituitary body is destroyed, is follow'cd by a steady 
decline of the temperature until death occurs. 

Finally, blocking of the vessels which carry the adrenal se- 
cretion to the inferior vena cava not only causes a marked de- 
cline of the blood-pressure by decreasing the activity of the 
metabolic exchanges in the vascular ivalls, but it arrests also all 
oxidation processes, t.c., life itself. Thus Strehl and Weiss’®® 
found that after removing one adrenal, the blood-pressure could 
be lowered by clamping the suprarenal vein of the remaining 
organ, thus depriving the blood of any adrenal secretion, and 
that by releasing this vein the blood-pressure was soon re- 
stored to its previous level. When the second adrenal was also 
removed, the blood-pressure at once fell 20 to 60 mm. Ifg., and 
continued to fall slowly until death ensued. 

This exiJains why Gray,’®’’ alluding to the suprarenal 
plexus, remarks: “llie branches of this plexus are remark- 
able for their large size in comparison wdth the size of the 
organ they supply.” The function they govern through the 
adrenals, as I have now shown, is one of the most important of 
the organism. 

That there exists a functional relationship between the 
pituitary and the adrenals is shown also by the pathology and 
symptomatology of various disorders in which the pituitary is 
either implicated or the seat of primary lesions. 

>«• Pellacanl : Archlv per le sclenze ined., vol. lil, No. 24, 1879.. 
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In Addison^s disease, the lesions are usually situated in the 
adrenals or in the nervous connections of these organs; and 
yet the phenomena witnessed are the counterpart, so to say. of 
those that attend destructive disorders of the pituitary. Thus 
Schafer^®® states that the symptoms that follow removal of the 
pituitary body are ‘^(1) diminution of the body temperature; (jj) 
anorexia and lassitude; (3) muscular twitchings and tremors, 
developing later into spasms; (4) dyspncea” — the list, we have 
seen, of phenomena that follow removal of the adrenals. Again. 
Harlow Brooks,^®® referring to the cachectic stage of acrome- 
galy, states that "a general brownish pigmentation is present in 
the average case which at times strongly resembles that found 
in Addison’s disease.” E. Wasdin/^® in a case of fracture of the 
maxillary and sphenoid implicating destruction and gangrene 
of the pituitary body, verified after death, observed among 
other symptoms, bronzing of the skin. 

The extreme muscular weakness following removal of the 
pituitary to which Schiifer refers was also witnessed, as we 
have seen, by many other physiologists, the ‘Sitaxia being com- 
plete” in Masay’s dogs. A similar condition follows tlic re- 
moval of the adrenals. Thus, Brown-Sequard called attention 
to the '^progressive paralysis” which followed this procedure. 
Abcloiis and Langlois^^^ observed the same elfects in frogs, the 
paralysis beginning in the lower limbs and spreading anteriorly. 
Boinet'"^^ noted the same symptom in fifty-nine rats; the move- 
ments became slow, then impossible. Several other investi- 
gators have also referred to this symptom. 

Tracing the pathological changes found in this^iscase out- 
side of the adrenals, the semilunar ganglia are the first to 
appear. These structures, as is well known, are often found 
congested, caseous, sclerosed, etc. Now, removal of these 
ganglia, as stated by Rolleston,^’^® is followed by “rapid emaci- 
ation, asthenia, low temperature, diminution of the amount of 
urea in the urine.” These are all subjective symptoms of Ad- 
dison’s disease; while the reduced urea output points to reduced 

Schafer; Lor. cit, vol. 1, p. 946. 

**• Harlow Brooks: Archives of Neurol, and Psychol., vol. I. p. 485, 1898. 
m E. Wasdln: Monthly Cyclop, of Pract. Med., Mar., 1903. 

Abelous and Langlois; Archives de physiol, norm, et path., 6 Sarle, vol. 
iv. p. 269, 1892. 

Bolnct: Marseille m^d.. Sept. 1, 1899. 
i^Rolleston; Allbutt’s “Practice of Medicine,” vol. v, p. 540 .1897. 
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metabolism, i.e., lowered oxygenation. The path thence to the 
cord, the splanchnic nerves, may be found to contain degener- 
ated fibers. Jiirgcns^^* even goes so far as to state that gray 
degeneration is always present in the splanchnic in true cases 
of Addison’s disease. What he found was doubtless broken-down 
chromaflin cells, first described by Henle in 18G5, as constituents 
of the adrenals, but which subsequent observers found also in the 
ganglia adjoining the adrenals in birds (llabl),^’^® in the splanch- 
nic nerves of amphibia and reptiles (Zellnester),’^® in the gang- 
lia of the synipatlietic chain (Ivose),^^^ and which, as shown re- 
cently by Wiesel,”** are destroyed in Addison’s disease. Tiz- 
zoni,”® Kalendero and Ihibes,’^® and many others have found 
spinal lesions, a fact confirmed experimentally by Alczais and 
Arnaiid,^**^ who found ascending degeneration of the lateral 
columns of the cord in animals that hud survived sufficiently 
long removal of the adrenals. Even the pituitary body may 
show lesions. Thus Pansini and Benenati,^**^ in a typical case 
of Addison’s disease in wliich the whole cutaneous surface was 
a deep l)ronze color, found both adrenals in a state of caseous 
degemeration and the pituitary body markedly enlarged. Tliis 
hypertrophy, verified mi(n*oscopically, is readily accounted for 
when the organ is considered as the governing center of the 
adrenals: it was the result of overaetivity, having for its pur- 
pose to enhance the secretory activity of what remained of the 
diseased adrenals, in order to sustain as long as possible the 
oxidation processes of the organism at large. 

Briefiy, removal of the pituitary body not only produces 
symptoms similar to those that attend Addison’s dis(?asc or fol- 
low removal of the adrenals, but when ascending degeneration 
occurs in Addison’s disease, it proceeds along the nerve-paths 
that unite the adnmals to the pituitary body. 

Acromegaly is another disease wliich emphasizes the func- 

”4jiirgens: Dcut. med. Woch., Bd. xl. S. m, 1885; Berl. klin. Woch., Bd. 
xxl. S. 824, 1884. 

wBHabl: Archiv f. mikrosk. Anat., Bd. xxxviil, S. 492, 1891. 

ZellncBtor: Sitzungsb. d. Kais. Akad. v. Wien, Bd. Ixvl, Abth. 1, S. 121, 

1872. 

Rose : Anat. Anzeiger, Bd. xxll, S. 162, 1902. 

”«WieBel: Zelt. f. Hellkunde, Bd. xxlv, S. 257, 1903. 

I'^^Tizzonl: Mem. della R. Acc. dell Sclonze, Bologna, ser Iv, T. lx, p. 27; 
London Med. Recorder. Feb. 20, 1890. 

Kalendero and Babfia: La Semaine m^dlcale, Feb. 22, 1889. 

AlezalB and Arnaud: Revue de mOd., vol. U, p. 283, 1891. 

Panalnl and Bcnenatl: II Pollclinlco, Apr. and May. 1902. 
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tionaJ relationship between the pituitary body and the adren- 
als. It is especially interesting in this connection because its 
initial lesion occurs in the anterior lobe, that to which the test- 
organ (though forming part of the partition) really belongs. 
Thus, while Massolongo‘“^ ascribed acromegaly to hyperactivity 
of this organ, Tamburini^®^ identified as cases of true acrome- 
galy only those characterized by hypertrophy and over-activity 
of the anterior lobe. This was confirmed by Harlow Brooks'^® 
in a study limited to cases in which the pituitary had been 
examined microscopically, who found in every instance re- 
ported, save one, that the enlargement of the organ had been 
confined to the anterior lobe. 

With the test-organ of this lobe directly connected by 
nerve-paths with the adrenals, and the latter as the source of 
the secretion which becomes adrenoxidase and sustains tissue 
metcTbolism, and therefore nutrition, we have a normal ex- 
planation of the underlying cause of the disease, i.c., hypernu- 
trition, This feature — thoxigh unexplained so far — has in fact 
formed the basis of most theories as to the pathogenesis of the 
disease. Dallemagne,^”® for instance, ascribes it to the presence 
of trophic centers in various parts of the nervous system. Von 
Kecklinghausen’®'^ considered acromegaly as a trophic neurosis 
dependent upon auto-intoxication. Mosse looked upon the dis- 
ease as a trophic neurosis of vasomotor origin. Klebs^*^" as- 
cribed it to over-development of the vascular system combined 
with thymic hyperactivity, etc. l"he effects of overnutrition 
are shown with especial clearness in the acjromegalic giants, 
in which the overgrowth is widespread instead of being re- 
stricted to the bones. 

The familiar vascular lesions of the disease also indicate 
that overactivity of the adrenals — due to morbid stimulation 
by the test-organ — is a prominent feature of the disease. In 
a case reported by Harlow Brooks,^®® the posterior pituitaTy was 
found normal on microscopical examination. Its connection 

Massolongo: Riforma Med., vol. vlll, p. 10, 1892, and Ccntralbl. f. 
Nervenh., Bd. xviii, S. 281, 1895. 

iMTamburlnl: Rivlsta sper. di fren., p. 559, 1894, and 414, 1895. 

'“Harlow Brooks: Loc. cit. 

Dallemagne: Arch, de mdd. exp., T. vil, p. 589, 1895. 

'“Von Recklinghausen: Arch. f. path. Anal., Bd. cxlx, S. 36, 1890. 

Mossd: Mercredi mddical. Sept. 11. 1895. 

'“Klcbs: ‘‘Allgemelne Pathologie," Bd. II, 1889. 

'“Harlow Brooks: Loc. dt. 
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with the infundibulum was normal, “though the remainder of 
the pituitary body," says the author, was “made of the enlarged 
anterior lobe." It proved to be gliomatous, and made up en- 
tirely of chromophilous cells, the typical structure of the an- 
terior lobe, and was the seat of the changes “found early in the 
development of acromegaly and which are most essential in its 
production." We thus have a typical case in Avhich the test- 
organ lobe is alone diseased. Now, the vascular lesions were 
also typical of acromegaly. Examined histologically, the small 
arteries showed hyperplasia, proliferation of the endothelial 
cells of the intima, etc., — all signs of active engorgement — and 
the large ones fibrous thickening. With overactivity of the 
test-organ as the source of correspondingly energetic stimuli 
to the adrenals, this morbid process is clearly explained: an 
excessive amount of adrenal secretion, i.e., adrenoxidase, is con- 
tinuously present in the blood, and the vascular walls, receiving 
such blood through their vasa vasonirn, are the seat of hyper- 
plasia, proliferation, etc. In the larger vessels this morbid 
process, owing to the greater blood-supply, is pushed beyond 
this stage, i.e., to that of fibrosis. The enlargement of the ex- 
tremities, bones and soft tissues, including the proliferation of 
capillaries, and the hypertrophy of the muscles during the 
erethic stage, arc normal sequences of such a process, the capil- 
lary system being not only constantly gorged with blood, owing 
to the state of contraction to which both the arteries and veins are 
submitted, but with blood whose oxygenizing properties exceed 
the normal. The general symptoms of Brookses case plainly 
indicate excessive peripheral hypennrnia, viz., hypcriesthcsia, 
“hot-flesh," as expressed by the patient, polyuria, etc. Glyco- 
suria was likewise present, a symptom clearly traceable, as shown 
below, to overactivity of the adrenal center — the test-organ of 
the anterior pituitary. 

The strength of this conception of the pathogenesis of 
acromegaly is sustained indirectly by the fact that this phase of 
the problem has remained obscure. Beyond the facts that it 
is essentially a trophic neurosis, and that this is due “to re- 
markable changes in the pituitary," i.c., Marie^s “pituitary 
hypothesis," nothing is known of the manner in which general 
nutrition is influenced by this organ. 
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In brief, with the anterior lobe as the adrenal center and 
as the seat of the primary lesions in acromegaly, we have a 
normal explanation of the hypertrophic processes which charac- 
terize this disease, since overactivity of the pituitary by produc- 
ing a corresponding overactivity of the adrenals, causes the 
presence in the blood of an excess of adrenoxidase, the dynamic 
principle in tissue metabolism and nutrition. 

Glycosuria, we have just seen, was i)resent in Brooks’s cas(', 
in which the anterior lobe, the seat of the test-organ, was alone 
diseased. M. LoeV®^ pointed out in 1881 that glycosuria was 
a frequent accompaniment of tumors of the pituitary body. A 
more recent study of the literature of acromegaly led him to 
conclude that the association of this disease with glycosuria 
could not be accidental. He found, moreover, that glycosuria 
did not occur during the post-operative life of animals from 
which the pituitary body had been removed, a fact which indi- 
cates that it is due to over-activity of the organ and not to in- 
sufficiency. Marie observed it in one-half of the cases he ex- 
amined. Guy Hinsdale’®® states that the urine often contains 
sugar and refers to fourteen authors who had observed the 
symptom. In sixteen cases of diabetic acromegaly the records 
of which were studied by Launois and Hoy’®'* a tumor of the 
pituitary was always found. In every instance the presence 
of the pituitary neoplasm had been confirmed post-mortem. 
Schlesingcr’®^ also emphasized the frequent coincidence of 
acromegaly and diabetes, having observed the latter in three 
consecutive cases of his own. 

As a result of these observations, investigators have been 
driven to the conclusion that a ^^diabetic center” must exist in 
the neighborhood of the pituitary. “The theory of Tjoeb,” write 
Launois and Roy,^®® in this connection, that of “compression 
by the pituitary tumor upon adjoining parts, seems in accord 
with clinical observations (Finzi, Strumpell), and with an ex- 
perimental fact recorded by Caselli.’®® A glycogenic center is 
supposed to exist, apparently in the region of the iuher cin* 


M. Loeb: Centralbl. f. Inn. Med., Sept. 3, 1898. 

Guy Hinsdale: * 'Acromegaly,** Detroit, 1898. 

Launois and Roy: C. r. de la Soc. de biol., vol. Iv, p. 382, 1903. 
Schleslnger: Wiener kiln. Rundschau, Apr. 15, 1900. 

Launois and Roy: hoc. cit. 

Caselli: Loo, cit. 
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ereum, which is abundantly supplied with highly organized nerv- 
ous elements (Caselli)." The cause of the glycosuria is self- 
evident in view of the fact that the path from the test-organ to 
the adrenals lies in the tuber cinereum : Caselli’s experimental 
excitation of this structure, therefore, provoked glycosuria be- 
cause it stimulated the adrenals. 

A similar procedure in the course of the pituitero-adrenal 
patli in the medulla likewise causes glycosuria. Claude Ber- 
nard’s puncture is a familiar proof of the fact. “Bernard,” 
says Schafer,’®^ discovered “that certain lesions of the central 
nervous system, and especially a puncture in the region of the 
iloor of the fourth ventricle, which corresponds, as we now know, 
very nearly to the position of the vasomotor center, produces a 
condition of glycosuria.” The glycogenic impulses evidently 
pass downward, for as shown by Chauveau and Kaufmann,^®® 
division of the spinal cord in the cervical and upper dorsal re- 
gions prevents the diabetes caused by removal of the pancreas. 
The same procedure had already been found by Bernard to 
cause hypoglycaemia. These arc all normal results in view of 
the fact that, as I pointed out in the preceding chapter, the 
nerves to the adrenals pass down the cord, leave the latter in the 
three upper dorsal nerves to enter the sympathetic chain, and 
then the splanchnic. (See Frontispiece, Vol. ].) Such being the 
case, bowTver, division of the splanchnic should likewise arrest 
glycosuria. Landois^"" says in this connection : “It is a remark- 
able fact that glycosuria, when present, can be removed by divi- 
sion of the splanchnic! nerves.” Even the glycosuria caused by 
Claude Bernard’s puncture can be arrested by this procedure, an 
observation confirmed by Eckhard, Kaufmann’**®® and others. 

Finally, as is now well known, the adrenal extract, as shown 
by Blum,“®^ Croftan,^®* Metzger, “®® Herter,^®^ and others, 
causes glycosuria when injected subcutaneously, endovcnously, 
or into the peritoneal cavity. Hcrter^^® found also that intra- 
venous injections of adrenalin were followed by a large cxcre- 

iw Schafer: Loc. cit., vol. 1, pp. 926. 927. 

Chauveau and Kaufmann: C. r. dc la Soc. de hlol., p. 29. 1893. 

i>*Landois: Loc. cit, p. 315. 

Kaufmann: C. r. de la Soc. de b!ol.. p. 284, 1894. 

Blum: Deutsch. Archlv f. Med., Bd. Ixxi, Nu. 2 u. .3, S. 146, 1901. 

^^Croftan: Amer. Med. Jan. 18. 1902. 

«» Metzger: Mflnch. Med. Woch., Bd. xllx, S. 478. 1902. 

Herter: Mod. News, Oct. 25, 1902. 

** Hertor: Amer. Mod., May 10, 1902. 
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tion of sugar and that rise of blood-pressure is an accom- 
paniment of glycosuria” — the former phenomenon being, as is 
wbll known, a characteristic effect of adrenal extract. The 
adrenal secretion proper is doubtless able to produce a similar 
, effect, for Hertcr and Wakeman^*^® ascertained experimentally 
that compression of the adrenal glands [thus increasing the 
secretion] is followed by glycosuria; while their exclusion, by 
extirpation or ligation of their vessels, is followed by a con- 
siderable fall of the sugar-content of the blood.” Kauf- 
nian^®^ found, moreover, that ligation of the inferior vena 
cava caused a rapid diminution of sugar both in normal glycac- 
mia and in glycosuria. We have seen that it is in the blood 
of this great vessel that the adrenals secrete their product. 

This evidence, in the light of the facts previously sub- 
mitted, speaks for itself: Acromegaly gives rise to glycosuria 
because the diseased organ, the anterior pituitary, stimulates 
excessively the adrenals, the secretion of which has been shown 
experimentally to cause glycosuria. This affords additional 
proof to the effect that the adrenals are governed by the an- 
terior lobe of the pituitary body through the intermediary of a 
direct nerve-path. 

On the whole, the evidence presented in the present sec- 
tion appears to me to warrant the following postulates : — 

1. The thermogenic {or heat) center and the respiratory {or 
polypncdc) center are not, as believed by some observers, located 
in the tuber cincreum, the bulb, or the spinal cord, the thermo- 
genic areas in these regions being but subsidiary centers — if any- 
thing but thermogenic nerve-paths — of which the bulbar are the 
most important. 

2. The thermogenic center is located in the partition be- 
tween the two lobes of the pituitary body, and in mammals is 
the highly developed homologue of the test-organ or osphradium 
of lower forms. As such it is the governing center of the adren- 
als, its nerve-path to these organs being as follows: from the test- 
organ to the posterior lobe of the pituitary and thence upward 
to the tuber cinereum; along this structure to the pons and bulb, 
and down the spinal cord to the first, second and third dorsal 


**** Herter and Wakeman: Amer. Jour. Med. Scl., Jan., 1903. 
^ Kaufmann: Arch, dc physiol., T. vlll, p. 150, 1896. 
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nerves; thence to the sympathetic chain; down this chain to the 
greater splanchnic nerves m which it reaches the suprarenal 
plexus and through it the adrenals. 

3. The respiratory center is located in the posterior or neu^ 
ral lobe of the pituitary body and represents therein the aggre^^ 
gate of nuclei which are themselves the chief centers of all the 
cranial nerves that govern the respiratory muscles. 

4. The 7ierve~chains from the respiratory center pass up^ 
ward to the supra-infundibular nucleus, and thence posteriorly 
to the bulb, where they become merged with the {subsidiary) 
centers of the various cranial nerves which govern the functions 
of the respiratory muscles, 

Jacques Tjoeb^s prediction that ^Hhrougli the oxidases one 
may in time be able to control life as the artist governs the keys 
of the piano,” and his belief that ^^not merely the normal course 
of life, but also that vast gamut of diseases cliaracterized by 
metabolic derangements, might be controlled if we only knew 
liow to favor or retard the action of the oxidases,” are afforded 
a foundation in the views submitted in the ])resent and fore- 
going chapters. Selecting only out of the various functions T 
have pointed out those that bear directly upon this feature of the 
general problem, this foundation may be said to consist of the 
following facts: 

1. Adrenoxidase is an aggregate of the body^s oxidases, and 
the dynamic principle in metabolism and therefore of the vital 
process. It follows, therefore, that adrenoxidase {the oxidases) 
is the agent through which life may he controlled. 

2. Adrenoxidase is the oxygen-laden secretion of the adren- 
als, while these organs are, in turn, governed through a nerve- 
path whose center is located in the pituitary body. Tlcncc, it is 
the center of the adrenals in the pituitary body which, through 
the adrenals and their adrenoxidase-forming secretion, eoritrols 
life. 

3. The adrenal center is primarily a sensory organ and the 
homologue of the ^^test-organ” which in the lower chordata 
serves to test the ^^respiratory fluid” and thereby to protect these 
animals ^^against the intmsion of noxious substances.” As in the 
higher chordata, including man, the ^^respiratory fluid” is the 
blood, it follows that the adrenal center is an organ having for 
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Us purpose to test the blood and protect it against the intrusion 
of noxious substances. 

4. Adrenoxidase embodying, as it does, the ferment of fer- 
ments, it is the dynamic principle of tissue metabolism. The 
proportion of adrenoxidase in the blood being governed by tlio 
adrenal center, it follows that noxious substances introduced into 
the blood can, by provoTcing a reaction of the adrenal center, en- 
hance the activity of metabolic processes. 

5. While the adrenal center is the thermogenic or heat cen- 
ter, adrenoxidase, as the dynamic principle of metabolism, sup- 
plies the oxygen which, by combining with the phosphorus of nu- 
cleins, liberates the bulk of the body’s heat energy. Fever being 
the expression of an exeess of heat energy thus produced, the 
adrenal center is also the governing center of the febrile pro- 
cess. It follows that inasmuch as we can therapeutically {all 
drugs being toxics as far as the test-organ is concerned) increase 
or abate fever, we can also control tissue metabolism and its 
derangements. 

The test-organ is thus the key-board through which w^e can 
^Tavor or retard the action of the oxidases,’’ i.e., the vital process 
itself. 

General Remarks. — Landois in the last American edition 
of his text-book of Physiology (1905) stales that ‘‘but little is 
known concerning the function of the pituitary” and devotes 
nine lines to this organ. Few works on physiology published 
within the last two years give the subject more than one page. 
Leonard Hill, in his “Recent Advances in Physiology and Bio- 
Chemistry” (190(5), omits the subject altogether. This affords 
an idea of the scant attention given to the pituitary body at the 
present time (1907) in works upon which the practitioner must 
depend for his knowledge of normal functions, wdien he attempts 
to elucidate morbid processes, the body’s auto-protective re- 
sources, and the physiological action of drugs. 

Need we wonder at his inability to do so ? 

“In spite of the extraordinary keenness of diagnostic power 
which has been developed in internal medicine, the y)ainfully 
exact studies in pathological histology and in pliysiological and 

pathological chemistry, the wide-spre4id activity in phannaco- 

2— IB 
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logical and pharmocodynamical experiment and the indefatigable 
efforts of the manufacturing chemist to supply new drugs/’ says 
Barker,^®® “the view is prevalent and rightly so, that in the treat- 
ment of internal diseases we have more to hope for the future 
than to entrust to the present.” Kcferring to Skoda’s dictum 
“We can diagnose disease, describe it and get a grasp of it, but 
we dare not expect by any means to cure it,” he adds : “In such 
a temper drugs of unknown physiological action cannot con- 
scientiously be set to act upon bodily tissues in disease in which 
we are ignorant of the deviation from the normal of tlie chemical 
and physical processes going on in the cells. The death-blow 
came first to polypharmacy; to-day, with many, pharmaco- 
therapy, as a whole, iS almost moribund.” 

^Barker: Johns Hopkins Hosp. Bull., July, Aug., 1900. 



CHAPTER XVII. 


THE liElTCOCYTES, PITUITARY, THYROID, PARA- 
THYROIDS, AND ADRENALS, AS THE FUNDA- 
MENTAL ORGANS IN PATHOGENESIS, IMMU- 
NITY AND THERAPEUTICS. 

THE LEUCOCYTES AS THE DISTRIBUTORS OF REMEDIES 
AND POISONS. 

In the first volume of the present work and elsewhere,* I 
pointed out that tlie anterior pituitary was the governing cen- 
ter of the body’s auto-protective or immunizing ineeluinism, and 
that by means of our remedies its functional activity could 
be enhanced at will, and thus caused to activate the antitoxic 
properties of tlie blood. An eminent French clinician, Haycm," 
wrote recently: ‘^Therapeutic weapons are wanted which will 
reinforce the defensive power of the organism by increasing the 
functional activity of the leucocytes or by developing chemical 
antidotes” — the trend of our day being in harmony with Hippo- 
crates^s belief in the vis medicatrix naiurw. I’hat this is pre- 
cisely the underlying thought of my own doctrine is self-evi- 
dent; but it does what no other doctrine has done: it points 
to the identity of Nature’s mechanism and to the means she 
adopts to attain her object. 

We have reviewed the main features of this mechanism. 
We have seen that the pituitary contains a test-organ related 
by nerve-paths W'ith the adrenals, which in turn govern, through 
their secretion, the activity of all metabolic processes in the 
blood as well as in the tissues. As the thermogenic center, 
this test-organ also presides over the febrile process — which is 
but an exacerbation of catabolic activity, raising it when need 
be — to destroy, not only tissue-wastes, but all toxic substances 
^yhich adventitiously gain access to the blood-stream. The 
process through which the protective activity of the test-organ 


^ Sajoua: 
Mar. 7. 1903. 

® Haycm: 


Monthly Cyclo. of Pract. Mod., Jan., 1903; Phila. Med. Jour., 
Presse mOdicale, Aug. 12, 1903. 
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is awakened suggests itself as the next question in pointy but 
before it can be taken up an important feature must receive 
attention, viz., the manner in which the substances which pro- 
voke this reaction enter the blood and reach the tissues. As 
drugs and poisons are identical as far as the test-organ is con- 
cerned — both being noxious agents — the absorption and dis- 
tribution of drugs will serve to illustrate the same processes in 
the case of poisons. 

We have seen that leucocytes take up food-products from 
the intestine to convert them into granulations which they 
carry to all tissues and deposit therein. I showed furthermore, 
in the fifteenth chapter, that these granulations not only pene- 
trate all cells, but that they become part of their structure. 
That ingested drugs or poisons should also be taken up from 
the intestinal canal by leucocytes and distributed to the various 
tissues is shown by the fact that MacCallurri traced leucocytes 
which had englobed albuminate of iron in the intestine to the 
spleen, liver, etc., an experiment repeated successfully by other 
investigators with protcids and other food materials. This 
applies as well, as far as distribution is concerned, to drugs in- 
jected subcutaneously or directly into the blood: they are 
more or less promptly engulfed or absorbed by leucocytes and 
distributed to various parts of the organism. 

^^Eccent experiments in France show,^^ says an editorial 
writer,® “that leucocytes fulfill a very important function in 
distributing medicinal drugs to all parts of the body. . . . This 
is shown by various experiments. Here, for instance, is a rab- 
bit under whose skin is injected a little strychnine or atropine. 
At the end of, say, half an hour, some of the blood is drawn 
off and divided by centrifugal treatment into its three parts — 
leucocytes, red globules, and plasma. Equal quantities of each 
are injected into three animals, and it is seen that the one that 
receives the leucocytes is poisoned, while the others are not. 
The leucocytes transfer these drugs from one part of the body to 
another, and this is their greatest utility. It is the more so 
that the place whore they transport these substances varies 
according to circumstances. In normal conditions — that is, in 
health — the leucocytes carry the drug to the liver and mar- 

■ Editorial: Cleveland Med. and Surg. Reporter, Aug., 1904. 
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row. In illness they carry it to the affected points, to the cen- 
ters of irritation,' where the arrival of the leucocytes is most 

desirable But we can depend oh them to carry iron to 

the blood-making organs,, iodoform to tuberculous lesions, sali- 
cylate of soda to affected points, etc There is another 

fact that must be taken into account: the leucocytes, it is 
true, carry drugs to affected points, but they carry them also, 
with special insistence, to certain organs. Different organs 
attract different drugs; the liver, iron; the thyroid gland, 
arsenic and iodine; while the skin, the spleen, the lymphatic 
ganglia, and other organs seem to constitute regions of choice 
for several chemical substances.” Indeed, MoreD found that 
finely powdered nux vomica was engulfed by leucocytes as well 
as any other substance foreign to the blood. Besredka,*^ having 
injected a soluble salt of arsenic into rabbits, found analytically 
that while the red cells and the plasma contained none, the 
leucocytes had absorbed it. Silver salts also were found to be 
ingested by leucocytes by Samo'iloff.® MonteP obtained a sim- 
ilar result with sodium salicylate. Lombard* obtained corres- 
ponding results with atropine and strychnine. Marcel Labbe 
and Lortat- Jacob® injected iodides subcutaneously and into the 
peritoneum and found that leucocytes absorbed these salts. 
Calmette obtained similar results with atropine; Mctchnikoff, 
with soluble iron; Stassano, with mercurial salts; Ncisser, with 
an oleate of calomel; Carles,^® with ferrous iodide and other 
preparations of iron, colloidal silver, morphine, olive oil, rhu- 
barb, and biniodidc of mercury; Lancelin” and Lombard, with 
morphine, etc. 

Can we accept as sound, however, the belief that leucocytes 
modify their itinerary, so to say, when a given area is diseased 
and carry to that area drugs that may be beneficial to it? 
M. Labb6^® states that ‘%hile cinnabar injected into the circu- 
lation is, in normal animals, taken to the liver, the bone-mar- 

* Morel: “Recherches exp^^rlmentales sur Ics leucocytes,” Paris, 1892-98. 

^ Besredka: Ann. de I'lnst. Pasteur, T. xlii, pp. 49, 209, 1899. 

* SamoUoff: Lubarsch u. Ostertag, ”ErgcbnisBe der allg. Path., etc.,” Bd. 
lY, S. 107. 1899. 

Montel: ‘‘Thdse de Bordeaux,” 1900-1901. 

8 Lombard: Thdse de Paris, 1901. 

* Marcel Labbd and Lortat-Jacob: C. r. de la Soc. de blol., July 4, p. 830, 

1902. 

^ Carles: ”Du rOle des leucocytes dans I'absorption, etc.,” 1904. 

^Lancelin: ThOse de Bordeaux, 1902. 

"M. Labbd: Presse mddicale, Aug. 10, 1904. 
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row, etc., (Cohnheim, Ponfick, etc.), in diseased animals it is de- 
posited in the morbid foci (Schiiller, Kibbcrt, Orth, Wyssoko- 
witch).” It is upon this principle that Landerer based his 
theory that sodium cinnamate reached the pulmonary foci in 
tuberculosis; that mercury is believed to seek out syphilitic 
eruptions, that iron adjusts itself to hiematopoietic organs in 
anaemia, that iodoform proceeds at once to tubercular regions, 
that sodium salicylate selects the joints, etc. The drug-laden 
leiicoeyte is, according to this view, capable of intelligently and 
wilfully selecting the area to which it is to proceed; or, it can be 
drawn to the morbid focus through cliemiotaxis ; or, again, 
owing to the vulnerability of such a focus to bacterial invasion, 
it can be attracted thereby, as are other phagocytes, irrespective 
of their contents. Analysis of the question shows that while 
there can be no doubt that leucocytes take up drugs as they do 
any useless or noxious agent that appears in the blood, the belief 
that they arc spetdfically attracted to any diseased focus because 
they happen to contain a substance that may be beneficial to it 
is erroneous. 

The observations of Schuller, Ribbcrt and others, that cin- 
nabar, which, in normal animals, is distributed in the liver, 
bone-marrow, etc., is deposited in the morbid foci in diseased 
animals, only prove that local Icucocytosis has occurred — a com- 
mon phenomenon observed even in the absence of any drug 
in the organism. This means only that leucocytes laden with 
the drug in more or less great numbers are diverted from their 
normal haunts to invade the diseased area to act as phagocytes, 
to sustain nutrition, rebuild tissue, etc. '^^Fhat the drug-laden 
leucocytes travel everywh(‘re is moreover shown by the fact 
that in tin; experiments of Lombard, Calmette and Resredka, 
the blood examined was taken from the general circulation, and 
its leucocytes were found to contain the drugs injected. On 
the other hand, Landerer,*^ referring to Schuller, states that 
^’hc found cellular deposits in predominaling numbers in in- 
flamed or injured areas, simply meaning thereby an excess of 
leucocytes as compared to other regions. 

A very interesting phase of the problem presents itself in 
this connection, viz., additional proof that leucocytes secrete 

Landerer; *‘Le traltement de la tuberculosc/’ 1899. 
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the products they absorb as they do their nucleo-proteid gran- 
ules in the tissues — drugs, more or less modified, replacing the 
nutrient particles, and being secreted automatically in lieu of 
the latter. 

Carles^* injected subcutaneously fine grains of carmine in 
the leg of a frog, then cut slightly the foot of the opposite side 
and introduced small pieces of glass in the wound. Fifteen 
hours later the latter was found to contain a large number of 
leucocytes stuffed with carmine. Another inedsion on the op- 
posite side, led to a similar result after twelve hours. This 
experiment was repeated several times with the same result, 
the injections being made in different parts of the body. Car- 
mine-laden leucocytes were also found in the liver. Cohnheim 
resorted to the same procedure forty years ago; carmine in- 
jected in the lymphatic sac of frogs appeared in the leucocytes 
in an ulcerated coimoa. Carles then tried the experiment with 
sulphide of mercury and collargol, with the same result. lie 
attributes these phenomena to chemiotaxis; but interpreted 
from my standpoint, it is due, as stated above, to a less obscure 
process, i.e., the function of the leucocytes to carry to the tis- 
sues as nutrient material, whatever they absorb and digest, and 
in greater quantities to diseased tissues to facilitate the pro- 
cess of repair. 

This is further shown by the fact that leucocytes migrate 
tlirpugh the walls of vessels to reach the tissuc-(!ells and deposit 
their load therein, whether this be composed of nutrient gran- 
ules or a drug. Thus Stassano and Billon,^® after injecting 
lecithin in frogs, observed a profuse leucoc^ytosis of cells laden 
with this substance. curious fact, however,” says Carles, 
referring to this experiment, ^^is that leucocytes containing leci- 
thin are also found outside the vessels. As true alimentary 
carriers they drop their charge, therefore, in the various tis- 
sues in order to nourish them; they even reach those that are 
deprived of capillaries thanks to diapedescs” — precisely as I had 
stated the previous year. 

The leucocyte's may be killed, however, by ihe drugs they 
absorb. Alluding to pow'dered drugs of various kinds. Carles 


Carles: Loc. rit. 

u Stassano and Billon: C. r. de I’Acad. des sciences, p. 623, 1902. 
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states that ‘^they take them up as well as any other inert sub- 
stances, but that they subsequently die without rejecting them,” 
as observed by Morel with powdered nux vomica. Carles noted 
a similar effect with rhubarb. 

That the substances or drugs absorbed by the leucocytes 
that arc harmless to them are actually secreted by them in the 
tissues was first observed by Schuller, who, as stated, observed 
that they deposited a larger quantity of their contents in dis- 
eased areas than elsewhere, solid elements being reduced to a 
state of extreme division. M. Labbe’® also states that “insolu- 
ble drugs arc absorbed and dissolved in the leucocytes” as 
shown by their influence on calomel and arsenic. Besredka, 
having provoked tuberculous abscesses in rabbits, then in- 
jected arsenic into the animals at intervals. lie found the druc; 
not only in the leucocytes, but also in the pus of the abscesses. 
Carles repeated these experiments and obtained similar re- 
sults; he found that mercury and copper followed the same 
course as the arsenic — a fact, by the way, which emphasizes 
the absence of specificity as far as the distribution of the 
drugs is concerned. That the leucocytes secrete their granu- 
lations (Hankin, Kanthack, Hardy and Kcng, Ehrlich, Hardy 
and Wesbrook, and others) explains how these dnigs, irrespec- 
tive of those derived from broken-down cells in the pus, are 
deposited in the tissues — precisely, I may add, as if they were 
nutritive particles. 

Pathogenic organisms may likewise be transported by leu- 
cocytes to any part of the body and initiate morbid processes. 
Pour years ago,^^ in an article opposing Koch's views concern- 
ing the non-infoctivity in man of bovine tuberculosis, I em- 
phasized the fact that direct infection of the lungs can occur 
through bacilli ingested by leucocytes in the intestinal canal, 
and reached the conclusion that “contaminated milk and foods 
are, therefore, as active sources of infection as air-borne 
germs.” As is well known, the bacillus of tuberculosis is patho- 
genic when dead, and the endotoxin is liberated when the germ 
is disintegrated. Landerer, referring to Schuller's observa- 
tion^* that the contents of leucocytes were deposited in rela- 

“ M. LabM: Loc. cit. 

7 Monthly Cyclo. of Pract. Med., Jan., 1903; Phlla. Med. Jour., Mar. 

« Landerer: Loc. cit. 
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lively large quantities in inflamed or injured tissues, states 
that these observations were confirmed as to bacteria by Ribert, 
Orth and Wyssokowitch. Carles, who mentions these authoi^s, 
writes in this connection: “Recently acquired knowledge of 
the physiology of leucocytes explains the predisposing role of 
traumatism as to the localization of Koch^s bacillus. The 
staphylococcus (Wyssokowitch, Orth, Weichselbaum), the pneu- 
mococcus (Nctter, Banti, Vanni), and many other microorgan- 
isms have since been found to have the same tendency to in- 
vade the damaged areas owing to the chemio tactic power of the 
leucocytes which had ingested them. This fact has been placed 
beyond question by numerous confirmatory clinical and experi- 
mental facts (Gabbi, Tournier and Courmont, Chauveau, Rosen- 
bach, Becker). Widal and Ravaut^® witnessed a case in which 
a tuberculous focus thus became infected by the bacillus of 
Ebcrth, etc. — all due doubtless to imperfect phagocytosis or to 
the death of the leucocytes containing living bacteria, or dead 
bacteria containing endotoxins. Many examples of this kind 
are available in literature, as every one knows. 

Can we say in the face of this evidence that leucocytes carry 
drugs to the diseased sites, where their arrival “is most desir- 
able^^? If such were the case, how could we account for the 
distribution of bacteria and for inert substances to the same 
regions? That substances such as iron, arsenic, iodide, phos- 
phorus, etc., which fulfill a physiological role in the organism 
are taken by these cells to the tissues where they are stored, 
or back to the intestinal canal for elimination if thtjy arc not 
refjuired, is doubtless true, but that agents such as mercury, 
sodium salicylate, atropine, opium, strychnine, etc., which are 
totally foreign to the tissue elements, should accumulate in any 
morbid tissue otherwise than as a result of the local leucocyto- 
sis that attends all morbid processes seems illogical. This is 
an important feature from the standpoint of therapeutics, for 
while some advantage may be derived from the use of ap- 
propriate remedies because they must reach the diseased area 
through the intermediary of the leucocytes, this does not repre- 
sent, as the authors who have studied the leucocytes in this 
connection seem to believe, the manner in which drugs — includ- 

Widal and Ravaut: Soc. mdd. des hOpltaux, Jan., 1902. 
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ing those known to be carried to the morbid tissues — ^produce 
their main physiological effects. 

This is further shown by the fact that the effects of most 
drugs (the exceptions being those such as iron, phosphorus, etc., 
which form part of our tissues) are produced mainly through 
their action on the central nervous system. 

Digitalis, for example, is thought — irrespective even of any 
participation of the leucocytes in tlie process — to act directly 
upon the heart muscle, but Traube, in 1871, showed that trans- 
section of the cord high up annulled its effects, and Boehm-'* 
found that the same procedure arrested its action when it had 
become manifest. I'his indicates plainly that the action of the 
drug is not direct, i.e., on the heart-muscle itself. This may be 
shown in another way. Hebdom,^^ for instance, found that 
digitalin acted on an ij\olated lieart when a 1 to 50, 000 solution 
was used. But can we assert that a corresponding dose in man 
will act in the same way? The minimum estimate of the 
quantity of blood in the body of an adult is 13 pounds; t.c., 
100,000 minims. This quantity would thus have to contain 
a full grain of digitalin to react directly upon the heart, grant- 
ing that no waste occur either in the stomach, intestines, liver, 
or blood, before reaching that organ. Now, grain of 
Merck’s digitalin, according to Wood,'-'- ^^represents the full 
therapeutic dose.” In the blood this would make a solution 
of 1 to 400,000, which is inactive on the detaclied heart. Again, 
if the view that the drug acts directly on the heart-muscle were 
sound, the hypodermic use of a sufficient quantity to make 
Hebdom’s 1 to 50,000 solution should at least be required. In 
truth, a dose thus administered and making a solution in the 
blood but orijR thirty-second as strong as this, is a powerful one. 
Thus, Deucher^'* found that a dose of digitalis given hypo- 
dermically produced the same effects as a dose four times as 
great administered by the mouth. Inasmuch as V4 grain of 
digitalin is staUid by Wood to produce the full therapeutic ef- 
fects of the drug, grain should thus provoke equivalent 
effects hypodermically. This is equal to a 1 in 1,000,000 solu- 

" Boehm; Arch. f. gesammte Physiol.. Bd. y, S. 153, 1872. 

«Hebdora: Skand. Arch. f. Physiol., Bd. vli, S. 169, 1898; Bd. ix, S. 1, 1899. 

“Wood: “Therapeutics,” eleventh edition, 1900. 

“ Dcucher: Deutsches Archiv f. klin. Med., Bd. Ivlii, S. 47, 1897. 
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tion in the blood mass. And yet this does not allow for the 
diminution of the dose in the latter. Cap we consistently ad- 
mit, in view of the antitoxic properties of the blood (especially 
active in the leucocytes) which underlie immunizing processes 
now engaging the attention of the whole scientific world, that a 
glucoside will suffer no chemical change? Kven if defibrinated 
blood-scrum be used as a menstruum for digitalin in experi- 
ments, such as licbdom’s, on the isolated heart, the environ- 
ment of the drug is greatly modified through the absence of 
blood-cells, fibrin, etc. I'hus, variation of temperature provokes 
precisely contrary effects. IVlasi showed that, while digitalin 
arrests the frog’s heart in sysioh at the normal temperature, at 
a lower one it arrests it in diaslole. Moreover, how do we know 
that the supposed direct action of the drug will always mani- 
fest itself on the mammalian heart as it does experimentally 
on the batrachian? Masi found that at identical temperatures 
digitalin arrested the frog's heart in diastole and the mouse’s 
heart in systole. All this shows distinctly that the prevailing 
view that digitalis acts directly on the heart cannot bear close 
scrutiny. Indeed, the action of this drug has remained obscure. 
^^In our ex])erimcnts upon the mammalian heart,” writes H. C. 
Wood,^^ ^Vc have seen in the final acts of digitalis drama haj)- 
penings so curious and unexpected that at present no proposed 
theory as to the action of the drug is sufficient.” 

The drugs which, as shown in the foregoing pages, are 
distributed by leucocytes — excepting as staled, agents which 
take part in general nutrition — also produce their main effects 
through the central nervous system. 1'hus, Cushny-® states 
that ^^atropine acts as a stimulant to the central nervous sys- 
tem and paralyzes the terminations of a number of nerves.” 
Of the aromatic series to which the salicylates belong, he also 
says: ^^They are all possessed of a more or less marked action 
on the central nervous system.” Wood,^® referring to strycJi- 
ninCy writes: ^‘Thc fullest permissible doses stimulate very 
powerfully the respiratory centers, and also slightly increase 
blood-pressure by stimulation of the vasomotor centers and 
probably also of the heart itself.” Of silver, the same author 

“Wood: hoc. cit. 

“ Cushny: “Pharmacology and Therapeutics,’* fourth edition, 1906. 

M * ^''TTiAranaii^lfta '* IQAr; 
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says the symptoms of poisoning are ^^those of gastro-enteritis 
with violent disturbance of the nervous system due to a direct 
action of the poison upon the cerebrum and the spinal cord/^ 
He also states that ‘^sometimes the influence of mercury falls 
almost exclusively upon the nervous system, and produces a 
peculiar train of paralytic phenomena.” In his section on 
opium (we have seen that leucocytes were found to carry mor- 
phine to the tissues), Wood says: “It is undoubtedly a stimu- 
lant to the spinal cord; but .... the cerebrum in man is so 
infinitely more susceptible to its influence than is the spinal cord 
that this spinal effect is rarely perceptible in man.” The 
physiological action of morphine emphasizes strongly the ques- 
tion in point, for although taken up and carried by leucocytes 
to all parts of the organism, it is only through its action on the 
central nervous system that its effects, including the relief from 
pain, are produced. 

A still more striking example of this fact is the physiolog- 
ical action of the coal-tar antipyretics and analgesics, anti- 
pyrin, acetanilid, etc. ’ Although these drugs are widely used in 
practice, their action, as stated by Cushny,*’ “is very imper- 
fectly understood.” Now, Sawadowski-® showed that removal 
of the brain above the basal ganglia, the optic thalami and the 
striated bodies did not prevent the action of antipyretics. He 
found, however, that when these ganglia were detached from 
the lower part of the spinal system, the antipyretics no longer 
reduced fever. An important fact imposes itself in this con- 
nection, viz., the experimental incision inevitably destroyed the 
nerve-paths from the pituitary body to the upper spinal struc- 
ture, and, therefore, the nerve-path connecting it with the 
adrenals. 

This evidence, supplemented by that submitted in the first 
volume and in the preceding chapter, seems to me to warrant 
the following conclusions: (1) that leucocytes, acting as phago^ 
cytes, absorb not only food-products in the alimentary canal and 
in the bloodstream, but also drugs, poisons and pathogenic 
organisms; (2) that whatever substance a leucocyte engulfs or 
absorbs, including pathogenic elements, is submitted therein to 

« Cushny; Loc. (Ht, p. 373. 

** SawadowBki: Centralbl. f. med. WisseiiBch., Bd. xxvl, S. 145. 161. 1888. 
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whatever action its digestive constituents may have on that sub^ 
stance, the product being secreted broadcast in the tissues as if 
it were invariably a nutritive substance; (3) that if the intra^- 
cellular digestive process be imperfect or if the leucocyte be 
killed by them, living pathogenic bacterid may thus be dissemin- 
ated by leucocytes; (4) that drugs and poisons more or less 
modified chemically, dissolved, or triturated in the leucocytes, 
may thus be distributed by them to all tissues; (5) that while 
in some instances this may cause remedies capable of promot- 
ing local resolution to reach diseased areas — especially in view 
of the local leucocytosis of which such areas are the seat — this 
does not represent the process through which drugs, poisons, and 
bacterial toxins and endotoxins produce their main physiological 
effects; (6) that these physiological effects and the beneficial 
influence of retnedies are due mainly to their action upon the 
central nervous system. 

THE ANTERIOR PITUITARY AS A LYMPHOID ORGAN IN WHICH 
THE PRODUCTS OF LEUCOCYTES AND ANY DRUG, POISON 
OR TOXIN THESE CELLS MAY CONTAIN ARE EXPOSED 
TO THE TEST-ORGAN. 

In the preceding chapter I referred to the anterior lobe of 
the pituitary body as an ^^organ of special sense/^ owing to the 
presence therein of a sensitive organ which I assimilated to the 
‘Hest-organ^^ found by zoiilogists in Tiinicata, the lower Chord- 
ata and other animals far down in the phylogenetic scale. 
Spengel, who first described the structure in these ancestral 
forms, referred to it as an ^^olfactory organ^^ and concluded that 
its function was to test the water which supplied them with 
oxygen — a view now generally accepted by zoologists. Gentes, 
we have seen, though unaware of the fact that I had attributed 
functions similar to those of the test-organ to the anterior 
pituitary body — and probably of the views of zoologists regard- 
ing it — found, in the partition separating it from the posterior 
lobe of the higher mammals, cat, dog, etc., a sensory organ 
which could also have been termed an "olfactory organ, since 
its cellular elements recalled "precisely,” he said, those oT the 
olfactory area of the nasal mucous membrane. The data con- 
tributed by zoologists, my own — ^based on clinical, physiological 
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and histological investigations — and those contributed by 
Gentes, hannonize therefore in attributing to the anterior 
pituitary body — including its posterior wall — besides the func- 
tions its epithelial elements subserve, the role of a sensory 
organ. It is evident, therefore, that my opinion that the pur- 
pose of this organ is to afford some form of protection to the 
organism, harmonizes fully with the teachings of several 
branches of biological science. 

In the higher animals, however, we are no longer dealing 
with a structure which, as in the sea-squirt, the mussel, the 
lancelct, etc., tests in-going sea-water; and as their ^‘respiratory 
fluid’^ is the blood, it follows that whatever protection the test- 
organ affords in these liigher vertebrates, including man, must 
have for its purpose to counteract the effects of poisons 
brought thereto by the blood. Indeed, as stated by Claude 
Bernard, the blood of vertebrates “is an internal medium in 
which the anatomical elements live as fishes do in water.^’^** 

Again, the protection afforded by the test-organ in the im 
vertebrates is far-reaching not because the oxygen derived from 
their respiratory lluid is materially reduced when noxious ma- 
terials arc present in it, but because this fluid also brings them 
their food. I'hus, Amphioxus buries its body in the sand, the 
mouth and its cirri protruding in the water above. The latter, 
which supplies it with its oxygen, also brings microscopic plants 
and dtd)ris, which pass downward ijito the slimy secretion of 
its pharynx, while the water passes out again through the gill- 
slits, the respiratory organs. The test-organ is so situated, 
however, that any noxious substance entering either the respir- 
atory or digestive apparatuses of the animal comes into con- 
tact with it. It is evident that the purpose of the test-organ is 
not so much to protect the animal against toxic agents that com- 
promise the purity of the water as a res[)iratory fluid but as a 
nutritional medium. 

This apparently militates against the fact that in the 
higher animals the blood replaces the sea-water as regards its 
functional relations with the test-orgari of the pituitary body, 
since, in the light of the views I have advanced, it is not the 


^Claude Bernard: **Legons sur las proprl^tds des tlssus vlvants." pp. 55 
to 58, 1866.. 
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plasma which contains proteids and other food-stuffs, but the 
leucocytes. The situation would seem further complicated by 
the fact that, as shown in the preceding section, poisons as well 
as foods are absorbed in the intestinal canal and in the blood 
by these cells, and distributed by them throughout the organ- 
ism. If, as in the invertebrates or ancestral vertebrates pro- 
vided with a test-organ and a water vascular system, poisons 
must come in contact with the test-organ, in the higher verte- 
brates provided with a blood vascular system, the leucocytes 
would have to enter the pituitary body and secrete their toxic 
principles therein. That these cells, i.e,, leucocytes laden with 
poisons, food-products, etc. — can penetrate into the anterior 
pituitary is shown in the annexed illustration of a section of 



Polynuclear Leucocytes in the intraparbnchymatous Capillaries 
OF THE Anterior Pituitary. {Launola.) 

this organ, borrowed from a very able work by Professor P. E. 
Launois, of Paris,^® and intended to show the presence of fat 
globules (a normal result, from my viewpoint, of the fact that 
they ingest fats in the intestinal villi) in what he describes as 
‘^polynuclear leucocytes of the blood in the intra-parenchyma- 
tous capillaries.^’ Tt is obvious, therefore, that at least some of 
the leucocytes whose function it is to absorb food-substances, 
poisons, etc., anywhere in the body enter the anterior pituitary 
body. 

What is the nature of their relationship with the test- 
organ? How can this structure become influenced by the rela- 

^ P. E. Launois: ‘‘Reclierches sur la glande hypophysairc do rhommo," 
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pen to circulate in linb organ? Bcfoto thiMe-^iMstia^ eaii 

an^ere^i certain features of the prevailing views oAucoi^g^ 

the fnnctihns and haitology of the ant^^ pi^tary body 

require ottention.-' 

The anterior j^tiutai^ is now 
gland, capable, as are ihe thyroid and edbieiDialB/ o&^ 
secretion to tbe blood.' In i^ lig^t of iny yiewsi^ 
rdle no longer belongs to the pituitary b^y in 
tided wiiit .adreuals, since I regard ibese organs as'; ofUhOots, so 
to say, of the anterior pituitary, which assumed # a giveh iainq 
in tbe animal scale all the secretoiy functions of tho .bttten: 
Whether the adrenal^ as in Sauropsid^ be closely ^^imeeted: 
.with the gonads, in Amphibia with diffenhit parts of the meso* 
naphros, in Teleosts either with the latter or with the degen- 
erate pronephros, etc., or as in the higher vertebrates, including 
man, with the fully developed kidney, the adrenals are invari- 
ably connected by a nerve path with the anterior pituitary — 
.through, we have seen, the posterior or neural lobe, with which 
it becomes merged during embryological development. The 
purpose of this- union asserts itself in view of the fact— ^pointed 
out in the preceding chapter-^that the neural lobe is the seat of 
the sympatiietic and other motor centers which have as their 
purpose to connect the test-organ with the nerve-center through 
which its defwsive functions (as regards the body at large) can 
be carried out, namely, the adrenal center. 


These facts suggest and additional evidence W^ show, (1) 
that the anterior pituitary, body is not a ‘secretory organ, tmd 
( 2 ) that its function, as previously mnphisizedj^ is to test-the 
quality of the blood circulating thhragh it ;and 
be, a defensive reaction tiiroughout- tbei hfa^^ - ' awnb ■ fhA 
case, the aupposed "secietory^ eleme^ pf' ^ 
cannot bc such. /This is further 'imggwted^ l^ th* awiawgoTrii^Ttf; 
and structure of the epithelium^ . 

: If . the organ were a glahd, its seerpi^g. 
be arranged in regular rows as in. other; glahd^ 
not the ease. As is well knowm the ahteriol' .pi 
* convoluted 
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although here and there arranged in order, owing to the con-^ 
tiguity. of their tubular walla or stroma, are massed promiscu- 
ously. This is made clear by the cut reproduced below, from a 
paper by Launois and Mulon,** which shows according to their 
description, "siderophile*^ and "eosinophile” cells. In fact, 
Launois specifically states that they are simply groups of cells 
between which a secretion is formed. The microphotograph 
opposite page 1046 likewise emphasizes this important fact. 

On the other hand, there is a striking resemblance between 
the large mononuclear cells which constitute the supposed gland- 



IrreguliAr and Promiscuous Distribution of Cells in the Stroma. 

8tc, Intercellular stroma, Offshoots from the stroma, c, Blood 
capillaries. €, Sidorophlle cells, e, Eoslnophile cells. 

ular epithelium of the organ and the phagocytic endothelioid 
cells found, for instance, in the mesenteric lymph-glands. To 
emphasize this resemblance I submit herewith two microphoto- 
graphs, one of an aggregate of such lymphatic endothelioid cells 
from a case of tuberculosis of the peritoneum (Fig. 1) ; and one 
of normal tissue from the anterior pituitary (Fig. 2). Indeed, 
the morphological structure of the pituitary is such as to have 
caused it to be compared to a lymph-gland by the older investi- 
gators, Monro, Miiller®^* and others. Nearer, however, to my 
own interpretation, is that of Charles Itobin,®**’ who, in 1860, 

LaunolB and Mulon: Annalcs de gyn£c. et d’obstet., Jan., 1904. 

***MUller: Jenalsche Zeitach. f. Naturw., Bd. vll. S. 327, 1873. 

Charles Robin; *‘Dlcttoiinaire Encyclo. des Sc. Mdd.’* art. “Lympha* 
tlques/* I860, 
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specified that the pituitary body did not actually form part of 
the lymphatic system, but that it w.as a lymphoid organ. 

From my standpoint, however, this applies only to the 
anterior lobe. As is well known, it is bean-shaped and the pos- 
terior lobe is ineprporated into its hilum. Bohm, Davidoff and 
ITiibcr^’* state, reforring to lymph-glands, that ^‘in shape they 
are much like a bean or kidney and the indentation on one side 
is known as the hilum.” Both the anterior pituitary and the 
lymph-gland have a fibro-elastic capsule, septa which divide the 
organ into a multitude of compartments to which the above- 
named histologists refer as ‘^medullary cords” (just as Launois 
calls the tubules of the anterior pituitary ^^cords”). Both con- 
tain lymph-sinuses. As shown below, the anterior pituitary 
also contains what in the lymph-gland Toldt termed a “terminal 
sinus,” lined throughout with endothelial cells, which are con- 
tinuous with those of the afferent and efferent lymph-vessels,” — 
the afferent vessels being omitted in the pituitary. It is not 
strange, therefore, that we should find the great phagocytic 
mononuclears in the anterior ])ituitary. Lymphatic structures 
are their normal habitats. Finally, we have seen that Reuter 
found fat droplets “in the lymphatic corpuscles of the diffuse 
lymphoid tissue.” ijaunois likewise found fat in many of the 
supposed true epithelial cells of the jiituitary, as shown by stain- 
ing reactions, osmic acid, etc. 

The function of these cells in the anterior pituitary like- 
wise assumes a normal aspect, since it is essential that broken- 
down cells, including the leucocytes which have secreted their 
products into the organ, should be promptly eliminated. This is 
essentially the roU* of the mononuclears, acting as MetchnikolFs 
macrophages, even when epithelioid, i.e», when forming part of 
an epithelium from which they can free themsclv(‘s and migrate 
away. Tims, as stated by Ziegler,-'*^'* “proliferating tissue can 
produce cells which appear very like the larger forms of mono- 
nuclear leucocytes.” Hektoen,'’^* on the other hand, states that 
“in typhoid fever a mark(?d proliferation occurs in the endo- 
thelial colls of the lymph-follicles of the intestine, mesenteric 
lymph-nodes and sph'cn ; and the new cells acquire marked 

Bohm, Davidoff and Huber: “T. B. of HIstol.,** p. 197. 1905. 

Ziegler: “General Pathology,** p. 269, 1898. 

Hektoen: “Amer. Text-book of Pathol.,’’ p. 149, 1901. 
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phagocytic properties.” Or, instead of migrating from the 
organ, these mononuclears may combine to form a giant cell. 
Kefcrring to the fonnation of tubercle, for instance, Metch- 
nikoff**^' writes: is composed of a collection of pliagocytes” 

^Vhich move towards the spot where the bacilli are 

situated and englobe them. The phagocytes retain their eoiuli- 
tion of epithelioid cells, or are transformed into giant cells.” 
Alt this illustrates mononuclears in the act of apprehending 
pathogenic elements, detritus, broken-down (?ells, etc., of some 
kind, though forming part of the organ’s parenchyma, and 
applies as well to the anterior pituitary as to any other lym- 
phatic organ. Interpreted from my standpoint, therefore, what 
is now regarded as the glandular epithelium of the anterior 
pituitary is mainly composed of promiscuously disirihuted 
epithelioid mononuclear macrophages, which carry on therein, as 
elsewhere, their function of general scavengers. 

Although he docs not in any way refer to cells of the 
anterior pituitary as leucocytes — regarding them, in accord with 
all other investigators, as true epithelial cells, Launois’s descrip- 
tion of these elements clearly points to them as leucocytes, 
including the large mononuclears and ghmt cells referred to 
above. Thus, he refers to three types of cells found in the 
gland, judging, he says, ^Troin their tinctorial affinities,” as 
^^acidophiles,” ** basophil es^* Jind ^Udiromophobes/^ Indeed, some 
cells, he says, recall when stained ^^thc neutrophil e granulations 
contained in certain leucocytes.” Now, in Figun? 1, wo saw 
that “polynuclear” leucocytes are present, while the cells just 
referred to are “ncutrophiles.” ^Moreover, as I have ])reviously 
shown, these are precisely the nutritional leucocytes which I 
traced from the intestinal canal to the tissues. 

Launois refers also to the “acidophiles” as “siderophiles.” 
We have seen in Gulland’s plate opposite page b()8 (first vol- 
ume) that corresponding leucocytes also take the iron-hrema- 
toxyline stain and arc colored black by it. The mitoma or net- 
works present in these cells are also oliservahh' in the sup- 
posed (ipithelial cells, for Launois refers to fhe presence of a 
“reticulum.” The basophiles likewise correspond tinctorially 


Mctchnlkoff: “Lectures on the Compurative Pathol, of Inflam./’ Star- 
ling’s transl., 1893. 
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with leucocytes; they stain violet-blue with haunatoxyline, pink 
with heematin-eosin, orange-yellow with hasmatin-eosin orange 
— even though there is good reason to believe that as soon as 
they enter the organ — or rather its anterior lobe — leucocytes 
promptly secrete their granules and thus lose their main stain- 
ing affinities. This accounts — only from my viewpoint, of 
course — for the presence in the organ of the cells to which 
Launois refers as “chromophobes” (Comte), i,e., cells which 
have but slight affinity for stains. 

Regarded as leucocytes, and as I interpret their function, 
these “chromophobes” are merely depleted leucocytes. Thus, 
Launois refers to them as “still containing” very few “acido- 
phile,” “basophilc” or “sidcrophile” granulations. They are 
found disseminated among the other elements of the organ and 
aggregate in clumps, the periphery of which is alone stainable. 
At first the granules accumulate in masses, which Launois con- 
nects “intimately” with the secretory process of the organ con- 
sidered as a gland; interpreted from my standpoint, however, 
these granules are the identical granulations which leucocytes 
secrete elsewhere, and that arc here used by the organ as a 
secretion. Indeed, Launois refers repeatedly to the presence of 
“granulations.” In the basophile cells, for instance, he found 
the protoplasm rich in granulations “which have an elective 
affinity for basic dyes.” In fact, he actually mentions the 
escape of granulations in the neighboring fluids and their dis- 
solution therein. Scaffidi**- also observed recently that the cells 
of the anterior pituitary shed their granules, and that when 
this is accomplished, the cytoplasm is disposed closely around 
the nucleus. Such cells are shown in the plate opposite page 1050. 

All this explains why supposed “glandular cells” are so 
promiscuously distributed in the organ. Thus, Launois states 
that the distribution of these cells is very irregular, some 
“cords” being composed of eosinophiles, others of basophiles 
only, but that in general the different types are met with “in 
the one cord.” At times the cells are distributed equally in 
all regions of the gland; at others, certain territories are richer 
in basophiles, others in acidophiles. There is as to this, he 
remarks, no fixed rule. 

»Scafflai: Arch. f. mlkros. Anat, Ba. Ixlv, S. 235, 1904. 
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Briefly, besides the great mononuclears, which are probably 
evolved in situ, since small mononuclears are also present in 
great numbers, and giant-cells, all of which are described by 
Launois under the belief that they are true epithelial cells, the 
organ contains the more familiar blood leucocytes, i.e,, neutro- 
philes, basophiles and acidophilcs. 

Before the details of the functional mechanism of the 
anterior pituitary, as interpreted from my standpoint, can be 
submitted, a few anatomical facts must be reviewed. 

The leucocytes, as we have seen, are present not only in 
the tubules of the organ, but also in its capillaries, which are, 
according to all classics, very abundant. These arc, as shown 
by Obersteincr,®“ the continuation of a number of vessels which 
pass from the base of the brain to the anterior lobe along the 
anterior surface of the infundibulum. Launois traced them to 
the internal carotid and refers to them as the “intrinsic” vessels 
of the organ, in contradistinction to its “extrinsic” supply, i.e., 
two sets of thin vessels, also derived from internal carotid but 
which are distributed to the surface. The intrinsic veins of the 
organ also pass upwards along the infundibulum and meeting 
those derived from the extrinsic veins probably empty, accord- 
ing to Launois, in the deep sylvian vein. Both the intrinsic 
arteries and veins, according to Berkley,®* “directly pass” into 
the anterior lobe “from the substance of the infundibulum.” 
He speaks of a “large number of vessels” in this connection, a 
fact which accounts for the very rich supply of capillaries 
throughout the organ and between the tubules, which, as stated 
by Gray,®® are united together by a very vascular connective tis- 
sue.” It is apparent that leucocytes can readily enter the an- 
terior pituitary with its arterial blood, and penetrate to every 
part of this organ. 

That it is possible for the leucocytes to circulate freely in 
these parenchymatous capillaries and also to migrate through 
their walls, is shown by the fact that Obersteincr®® found the 
vessels which pass between the cellular tubes “numerous and 
large” and their walls “remarkably thin” — so much so, indeed, 

•* Oberstelner: Soury. “Systfemo nerveux central,*' vol. ii, p. 794, 1899. 

“Berkley: Brain, Winter, p. 617, 1894. 

“Gray: “Anatomy,” p. 656, 1901. 

“ Oberstelner: hoc, cU. 
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that lisiinois observed actual tears in the capillary walls of 
overactiye organs which afforded a free communication with the 
tubules. The annexed microphotograph, in which leucocytes 
are present among many red corpuscles^ clearly suggests^ in 
fact, that the connective tissue walls of the tubules and capil- 
lary walls are one, and that, as elsewhere in the body, leucocytes 
laden with food-products, drugs, poisons, etc., can readily enter the 
tubules. Such leucocytes are plainly shown in the tubules in the 
same illustration. Here they evidently secrete their contents, 
for, as Comte has suggested, and as Launois was able to show by 
staining methods (although of course unaware that he was deal- 
ing with leucocytes), "two secretory products, one lasophih and 
the other acidophiU” are secreted, while the "intermixture of 
the cells which elaborate them indicates that these two products 
are themselves mixed before being eliminated from the paren- 
chyma." 

8agin«iit of ... 

Tober Cinortmii 
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Interpreted- from my standpoint these are all very import- 
ant features of the question in point. The leucocytes, contain- 
ing as they do whatever they may have absorbed in the intes- 
'tinal canal or in the blood, are distributed, we have seen, 
throughout the entire organism. What proportion of these 
cells happens to penetrate into the pituitary to form the sup- 
posed secretion is, as it were, a sample of the food-elements and 
any noxious substance that they may contain, which are being 
distributed broadcast. The blood as the bearer of leucocytes thus 
laden, fulfills the rdle that sea-water does in lower forms. 

In these lower organisms, however, we have seen that the 
''respiratory fluid” and the food materials it contains are 
brought into contact with the center of their auto-protective 
mechanism, their "test-organ” or "osphradium.” How is the 
corresponding process carried on in the anterior piMtory of 
the higher animals, including man? 
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Between the anterior lobe and the partition separating it 
from the posterior lobe is a transverse space, the ‘‘para-nervous 
slit^^ or pocket, which Haller, Parameschko, Cadiat and others 
regarded as an excretory canal, but which in reality is closed 
on all sides. It varies greatly in shape : it may be broken up 
by projections that unite the two surfaces, or form a relatively 
spacious vesicle; it may also appear closed, the two walls being 
almost in contact even though their cellular elements are differ- 
ent in nature. Thus while the surface forming part of the an- 
terior lobe is lined with ciliated epithelium, that of the par- 
tition proper is composed of the sensory epithelium which, as 
shown below, forms the test-organ. Now, this cavity doubtless 
fulfills some important function: “The cavity proper of the 
para-nervous slit, the capacity of which varies,^* writes Ijauiiois, 
“contains a peculiar substance, the ‘quantity of which is itself 
subject to the greatest fluctuations. This substance, which is 
apparently elaborated by the epithelial elements of the walls, 
is a mixture of acidopkile, amphophile and mucoid secretion. 
While it recalls the materials we found in the parenchyma of 
the pituitary, it differs from it in being more granular, less 
homogeneous, and less compact. Staining 'methods show, 
moreover, that this substance is subject to currents, whirlpools 
and localized accumulations’\ . . . “and afford a new proof of 
the diversity of secretions of w^hich the pituitary may be the 
source." 

In the light of my views, these substances are not glandular 
secretions, which, as we will see, do not exist, but waves of a 
colloid compound of dissolved granules derived from food-pro- 
ducts, normal'or toxic physiological wastes, drugs, poisons, tox- 
ins, etc., that the leucocytes have brought to the sponge-like 
parenchyma of the organ and which the latter — probably owing 
to rhythmic contractions of its capsules — projects towards the 
“para-nervous" cavity. 

That the anterior lobe is a contractile organ is suggested by 
the structure of its capsule, the currents and whirlpools, and by 
the fact* that delicate nerve-fibers arc distributed throughout 
its parenchyma — doubtless the terminals which Kainon y Cajal 
traced to the great nucleus in the third ventricle. Berkley*^ 


Berkley: Loc. di., p. 617. 
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describes these fibers as bundles of small nerves following 
the course of the arteries” and from which ^^come off, at irreg- 
ular intervals, single fibers, or branches from the main stems, 
w'hich pursue a very irregular course through the glandular sub- 
stance, crossing over or accompanying the large venous chan- 
nels in the septa, and finally being distributed upon the coils of 
the epithelial cells forming the follicles.” His drawing of a 
set of these fibers, including their ball-shaped terminals, is re- 
produced below. These ball-shaped endings recall strikingly 
the sensitive terminals found elsewhere in the (esophagus, 
larynx, bladder, etc. If they are sensory, their purpose sug- 
gests itself: to provoke rcllcx dilatiition cff the blood-vessels 
through which the organ relieves itself of the blood which has 



caused it to dilate. The capsule of the anterior pituitary, con- 
taining as it does line network of elastic fibrils” (Launois), 
dilates when the organ is hypeneniic — as shown by the enlarged 
appcaraime often witnessed during hyperactivity such as that 
observed in eclampsia (Launois and Mulon), the early stages of 
acromegaly, etc., and contracts again when the venous and 
lymphatic channels arc widely opened, l^he ‘^currents and 
whirlpools,” etc., observed by Launois in the para-nervous cav- 
ity clearly suggest that some such propulsive mechanism must 
exist in the organ, the semi-fluid substance being no longer 
within the capillaries and, therefore, under the influence of 
the vis a tergo motion of the blood. The colloid substance be- 
ing derived from the tubules, the compression necessary to 
drive it out through the meshes of their connective tissue (see 
the homologiie of such a network in the jdate opposite page 
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10G8) must begin in the periphery of the organ — a function 
for which the elastic capsule is eminently fitted. On the other 
hand, the pillow of venous blood which separates the pituitary 
from its pedestal, the sella turcica, affords ample leeway for its 
preliminary dilatation. 

The para-nervous cavity is probably itself distensible, a 
fact which would account for the variations in shape, the ap- 
proximation of its walls or ^^the widened and somewhat globu- 
lar” outline observed by Launois. Dilatation owing to the ac- 
cumulation of leucocytic products swept into it when the an- 
terior pituitary contracts, at one time, and contraction when 
it is emptied at another, affords a logical explanation of the 
post-mortem appearances witnessed. 

The manner in which the blood deprived of the leucocytes 
that have migrated into the tubules passes out of the anterior 
lobe is made clear by tlie fact that it remains in the sinusoidal 
capillaries. It is therefore returned to the circulation by the 
. venules whicdi terminate in the large veins in the infundibulum. 

As to the detritus, scavenger cells, etc., they have a path of 
their own — one common, as regards the corresponding process, 
to all lymphatic structures. Mulleiy*^ in the course of a com- 
prehensive study of the pituitary body from Myxine to man, 
found that the partition between the two lobes was supplicnl witli 
a rich network of lymphatics through which glandular products 
found their way to the general lymphatic system. Lymphatic 
vessels seem to be absent elsewhere in the anterior pituitary. 
The process of elimination during life must be a very active 
one. The microphotograph facing the next page shows a larg(j 
number of cells in the act of being ejected from the organ (the 
effect of periodical contractions such as those of the s])leen) in 
a current of ^^colloid”-^an aggregate of lymph, adrenoxidase, 
dissolved granules, etc., as previously stated. Here as in several 
slides studied, the mass occurred in what corresponds with 
the external orifice of the lymphatic spaces, while in other slides 
the cells had not as yet reached the outlet when death of the 
organism of which it formed part took place, arresting the pro- 
gress of the cells to the external lymphatic vessels. 

Summarizing all these facts, it seems evident (1) that the 

^Mailer: Jcnaische Zeltsch., Bd. vi, 1873; cited by Guepln: Tribune mddi- 
cale, Dec. 10, 1891. 
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anterior pituitary all lymph(;^ glG^doy itUir^ 

necUd with the defensive functions of [the hody, through the^ 
* presence in it of large mononuclear thaerophdges; (2) Ihat these 
large mononuclears are epithelioid cells in the senie that they 
form in the organ an irregular epithelium; (3) that after the 
smaller phagocytic leucocytes, especially the neutrophiles, secrete 
(as they do elsewhere in the body) their granulations and other 
products of food-^materials, waste-products, drugs, poisons, 
toxins, etc., ingested by them anywhere in the body, those leuco^ 
cytes which- have been killed by microbes, poisons, etc., are 
removed as detritus from the anterior pituitary by its mono-- 
nuclear macrophages; and (4) that this process of elimination 
is assisted by periodical contractions of the organ Such as those 
of the spleen, which project all living leucocytes and a current of 
colloid — an aggregate of lymph, adrenoxidase, dissolved granur 
lations, drugs, wastes, poisons, etc., — into the lymphatic spaces 
of the organ and then into the lymphatic system, whence they 
pass into the blood to be destroyed. 

The cardinal feature of all this evidence^ however, is that 
the contents of the leucocytes which penetrate into the tubules, 
i.e., their nutrient granules — ^more or less dissolved— and any 
noxious substance that may be harmful to the organism at large, 
are brought — ^more or less modified probably by the ciliated 
epithelium of the anterior wall of the para-nervous cavity — into 
contact with the sensitive epithelium, i.e., the test-organ. 

The identity of this organ as a sensitive structure asserts 
itself from various directions. Qentds, who described this 
structure in the higher animals, does not refer to the possibil- 
ity of its being the homologue of the test-organ of ancestral 
forms. This adds value to his description of the developed or^ 
gan— to which I attribute such important functions. Thus, 
while he describes its superficial layer in the higher mammals 
as composed of /^stratified cylindrical epithelium .which re- 
sembles certain sensory epithelia,^^ Bay Lankester defines the 
corresponding organ in ancestral animals— as to location and 
anatomical relations — as ^^a patch of epithelium ... . pecu^ 
liarly modified and supplied with a nerve and ganglion.’^ Still 
more to the point is the remark of Huxley and Martin** con-* 

and Martla: **PrAotloAl Biology/* p. StS, ISSf. 
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cerning the mussel, that ^^as the parieto-splanchnic ganglia are 
immediately connected with a patch of sensiferous epithelium 
in the roof of the inhalent siphon, they are sometimes regarded 
as olfactory. 

In its fully developed condition, however, i.e., in the adult 
dog, cat, rabbit, rat, guinea-pig, sheep, porcupine, etc., in which 
Gent^s studied the organ, it is no longer limited to a mere 
patch of epithelium, but has become a structure occupying a 
considerable portion of the partition between the two lobes. 
On the side exposed to the ^^para-neural” cavity are five or 
six layers of cylindrical epithelial cells which give the surface 
a bosselated appearance, and “recall exactly,” says Gentes, “the 
sustentacular element of the olfactory mucous membrane.^’ 
These cells were found to send numerous fibers to the deeper 
elements and to connect with “foot-shaped” cells which, in 
turn, were the source of many fibers distributed very freely 
throughout the structure. Underlying the cell bodies of the 
epithelial cells, were two or three rows of bipolar cells which 
sent fibers towt^rds the surface and also to the deepest layers. 
A third set of fibers was found to arise in the midst of all these 
elements and to pass posteriorly through the partition and 
thence into the maze of cells and fibers which form the neural 
lobe. These fibers, we have seen, were finally traced by Gentes 
some distance in the organ and thence by way of the infundi- 
bulum to the tuber cinereum. 

May not these fibers have come into contact in the neural 
lobe with other cellular elements? In that case, there would 
be complete correspondence between the olfactory organ of the 
pituitary with that of the nasal cavities, including its cerebral 
segment of the olfactory bulb. Indeed, while Gentfes empha- 
sizes the striking resemblance of the sensitive epithelium of 
the structure described by him to the sustentacular cells of the 
olfactory region — which are superficial sensory elements — Berk- 
ley,*® ten years before, alluding to certain cells in the posterior 
lobe, wrote: “Very much more strongly do they resemble the 
endings of the mitral cells of the olfactory bulbs.” The fibers 
traced by Gentts would, under these conditions, be the func- 
tional homologues of the olfactory nerves. 


Berkley: Loc. oil. 
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Whether this connection exists or not, the fact remains that 
the sensitive organ — the test-organ — sends nerves to the tuber 
cinereurn, where they connect, as 1 have shown in the previous 
section, with a nerve-chain which terminates in the adrenals, 
the secretion of which, as will be shown presently, is the funda- 
mental factor of the body’s auto-protective or immunizing 
functions. 

The main function now attributed to the anterior pituitary 
body by all authors — that of a secreting organ — finds no place 
ill my interpretation of its role in the organism. That it has 
ceased to secrete when fully developed, i.e., in the higher ani- 
mals, is shown by various facts: — 

The thyroid gland and the adrenals, which are positively 
known to be the source of a secretion, produce extracts which 
are very active. Such is not the case, however, with extracts 
obtained from the anterior pituitary. Howell*^ found that 
such extracts ^‘wlicn injected intravenously have little or no 
physiological effect.” Oarnier and Thaon^^ recently confirmed 
Iloweirs observation with extracts prepared from the anterior 
pituitary of oxen. This is accounted for by the fact that, as 1 
interpret the phylogenetic history of the organ, it ceases to 
secrete when the adrenals appear. 

Ill the diagram of a sea-s(juirt shown herewith — a longi- 
tudinal section of the animal — the pituitary body (liyp) may 
be seen to send a projection to the respiratory apparatus {sli(j) 
i.e, the duct of the pituitaiy. The [)urpose of this relationshij) 
is not known. In my opinion this secretion penetrates into the 
cellular elements composing the respiratory organ, and endows 
its blood ivilh the property of ahsorhiny oxygen, while the water is 
driven through the stigmata by the active movements of their 
ciliated epithelium. Indeed, we have seen that in the experi- 
ments of Fieri and Fortier and others, including my own, in the 
clam, oyster, and sea-mussel, the (colorless) blood of the gills 
•gave the guaiac-test most actively, thus showing that it was 
rich in oxidase — the substance which in animals supplied with 
adrenals I have termed ‘‘adrenoxidasc.” As shown by Abelous 
and Biarnfis, this same active reaction was obtained from the 


« Howell: “Text-book of Physiology,” p. 778, 1905. 

^Gamier and Thaon: Jour, de physiol, et path. g€ndr.. Mar., 1906. 
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corresponding blood in crayfish, by Pliisalix in batracliians, and 
so on until the highest mammals were reached — always with 
blood derived from the respiratory organs. 

This interpretation is further sustained by the evident con- 
nection between the ^^subneural gland^^ — the primitive anterior 
pituitary — and the respiratory organs of anotlier ascidiaii in 
which the duet is very long, Thallusia mcntula, Willey/'* re- 
ferring to the structure in which the duct terminates, describes 
it as the “dorsal tulxirele, the opening of the Jiy])0|)liysis into 
the branchial sac.” Briefly, in the liglit of my work, in these 


ieiU 

Ittl 




manl 

Diagram op the Upper Segment op a Sea-squirt, Illustrating tiir 
C oNNECTioN Between the Pituitary Body ( fii / p ) and the 
Animal’s Respiratory Apparatus i « tigm ). 

nf . gn ., ncrve-gauglion or general nerve-centcr; or . siph ., oral siphon; air . Hiph ,, 
atrial siphon; tent ., tentacles; test , bag; mant ., mantle; tr . v ., trans- 
verse vessel; dors , v ., dorsal vessel; atr . cav ., atrial cavity. 

(Parker and Uaswell .) 

invertebrates the ancestral anterior pituitary fulfills tlie func- 
tions wdiich in the higlier animals are carried on l)y the adrenals. 

When does the transition take place? Tlua question can- 
not be answered wdth any degree of ac.cn racy in tl\e light of 
available knowdedge. The adrenals are now tlionglit to occur 
in the vertebrates only. A study of tln^ question has led me 
to believe, however, that they appear much earlier, and that in 
many invertebrates- organs which are now regarded as nopb- 
ridia — and which as such occupy anomalous positions in their 
relations to the heart and other organs — are naught else, func- 
tionally, than adrenals. This question cannot of course be 
treated in the present work. 

Remaining in this conneetion within the precincts of ac- 



Willey: “Amphioxus and the Ancestry of Vertebrates," p. 190, 1804. 
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cepted views based on the embryology, phylogeny and compara- 
tive morphology of the subject, we may conclude with Launois 
that “from Tuiiicata to man, there occurs, in all species of 
animals, towards the base of the encephalon an organ formed 
by the intimate contact of a nervous projection with a projec- 
tion of the stomodiTum. In all except Myxine, doomed to retro- 
gression owing to its parasitic life, the stomodaRal projection 
becomes glandular. Tlic gland thus formed is tubular and 
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rich in blood-vessels. While it opens externally in Tunicata 
and Amphioxus, it hecornes a closed gland from the earliest of 
vertebrates.^^ Hence the lU’cvailing belief that it supplies the 
blood an internal secretion. Not only, however, has the role 
of this supposed secretion in the organism never been found, 
but, as we have seen, the organ contains no active substance, 
while the promiscuous distribution of its cells, the character 
of the latter, and other facts, indicate that the anterior pituitary 
is not a secreting gland. 
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With the evident connection between the anterior pituitary 
and the respiratory organs of ancestral animals I have indicated, 
the obliteration of the external opening in the early vertebrates 
assumes a normal aspect in that it coincides with the appearance 
of the classical adrenals. Indeed, these organs are not only 
present in the higher mammals, but also in amphibians and 
fishes, including those classed among the lowest Chordata, the 
Elasmobrancliii (shark, dog-fish and ray). In these animals, 
moreover, a suggestive feature asserts itself, viz., the pr(*sen(*e 
in the floor of the third ventricle of the nervous structure 
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through which, as I have shown, the pituitary body is united 
with the upper portion of the spinal system. ‘^One finds in 
birds and reptiles, probably also in fishes, in the midst of the 
gray matter that surrounds the median ventricle,'" writes Ediii- 
ger,'*^ ^^an elongated nucleus of large cells: Nur, magno-ccllu- 
laris strati grisei. It is probably fibers from it that pass ven- 
trally to cross just over the infundibulum as the Decussatio 
supra-infundihularis. Besides this, it proiiably sends bundles 
off posteriorly."’ In the annexed illustrations, Fig. 1 indicates 
the great-cell nucleus, divided vertically, while Fig. 2 shows 

Edlnger: **Anat. of tho Central Nervous System,” p. 132, 1899. 
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fibers derived from it proceeding posteriorly — the path which, 
as shown in the preceding section, leads to the adrenals. 

The evidence submitted in this section appears to me to 
warrant the following conclusions: (1) The anterior lobe of the 
pituitary is not, as now, believed, a secreting gland, nor the 
source of an internal secretion,; (2) it fulfills in dll higher ani-- 
nials, the same function that the osphradium or tesUorgan does 
in various invertebrates and lower vertebrates, viz,, it tests the 
purify of the respiratory and nutritional fluids, i.e,, the blood in 
the higher vertebrates, including man; (3) inasmuch as, in 
these higher vertebrates, the food-products, normal and toxic 
wastes, drugs, and poisons are taken up by leucocytes in the ali- 
mentary canal and the blood, and distributed by them to all 
parts of the body, the anterior pituitary, a highly vascular organ, 
receives its share; (1) while the plasma and red corpuscles re- 
main within the vessels of the anterior pituitary, the leucocytes 
migrate through the walls of its capillaries cCnd accumulate pro- 
miscuously in the anastomosing tubules of which the paren- 
chyma of the organ is composed; (5) once in these tubules, the 
leucocytes secrete their granulations, acidophile, basophile and 
amphophile, and any other substance, benign or toxic, they may 
contain; (G) all these substances dissolve in the tubules, in 
fluids derived from the leucocytes themselves, and (as will be 
shown) adrenoxidasc derived from the red corpuscles in the cap- 
illaries; (7) a colloid substance is thus formed which contains 
a given proportion of all the benign and toxic substances that 
are being distributed to the body at large; (8) this colloid sub- 
stance represents, therefore, a specimen of the nutritive materials 
which the tissue cells are assimilating; (9) this specimen en- 
ables the test-organ of the anterior pituitary to take cognizance 
of any noxious substance or drug that may be contaminating 
these nutritive materials. (10) The test-organ of the higher 
vertebrates, including man, is located in the superficial tissues of 
the partition separating the anterior from the posterior pituitary, 
and faces the parenchyma of the former; (11) the elastic cap- 
sule of the anterior pituitary contracts periodically, each con- 
traction causing compression of its sponge-like parenchyma and 
propulsion of its colloid substance posteriorly, i.e., towards the 
test-organ; (12) the colloid substance is thus projected into a 
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cavity between the parenchyma and the test-organ and brought 
into contact with the latter on its way out of the pituitary 
through lymphatics; (13) the test-organ is a sensitive struc- 
ture the surface of which — that exposed to the colloid substance 
— is similar to that of the olfactory membrane; (14) it sends 
fibers into the posterior lobe of the pituitary, which fibers* ulti- 
mately pass upward to the tuber cinereum, where they merge 
with the nerve-chain that terminates in the adrenals — the organs 
which, when stimulated by the test-organ, awaken a protective 
reaction in the body at large. 


LEUCOCYTES AS THE PURVEYORS OF THE THYROID AND 
PARATHYROIDS, AND AS THE SECRETING CELLS 
* OF THESE ORGANS. 

A Swedish anatomist, Sandstrom,^® discovered in 1880, in 
man and various other mammals, small epithelial organs near 
to, or forming part of, the thyroid gland, ix., the parathyroids. 
Thanks mainly to the investigations of Gley,^“ who first showed 
their great physiological importance, Moussu,^^ and Vassale and 
(Jencrali,'*^ whose observations have been confirmed by many 
other investigators, these small organs have been shown to in- 
fluence greatly the vital functions. The difference between 
them and the thyroid in this respect is quite evident, however: 
as stated by Joandelizc,^® ^To the thyroid belongs a trophic 
function of the first order, its removal being followed by disor- 
ders of nutrition, while, conversely, extirpation of the para- 
thyroids is followed by convulsive phenomcna.^^ 

Notwithstanding the considerable labor bestowed upon the 
thyroid and parathyroids, the nature of the relationship be- 
tween them has remained obscure. Thus Howell,®® in his re- 
cently published text-book (1905), states that ^‘the functional 
connection between these two organs is as yet quite unex- 


• Further histological researchea will doubtless show that the fibers of the 
test-organ do not themselves ascend to the tuber clncrcum, and that they 
terminate in the. posterior pituitary, but in functional contact with the cell- 
bodies of motor neurons, whose ncuraxons would then become the inital fibers 
of the pituitero-adrenal nerve-chain.— S. 


1880. 


^SandstrOm; Upsala L&karcfdrenings Fdrhandlingar, Bd. xv, S. 441, 1879- 


Qley: C. r. de la Soc. de biol., p. 843, 1891. 



Moussu: ThOse do Paris, 1896-*.... 

Vassale and Generali: Arch. ital. de Biol., vol. xxxiii, p. 33, 1900. 
Jeandelize: “Insufflsance thyroldienne et parathyroidlenne,” p. 3, 1903. 
“Howell: Loc. cit., p. 774. 
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plained.” 'i'his applies as well to the physiological purpose of 
the parathyroids. II. liichardson/^ for instance, in another 
work published recently (1905), writes: “Of the function of 
the parathyroids little is known at present; they appear to be 
connected witli the thyroid and pe*rhaps to have some special 
relation to the nervous system.” The facts submitted in the 
two preceding sections appear to me to elucidate several feat- 
ures of tlie problem. 

1). A. Welsh,®- after an elaborate anatomical and experi- 
mental research upon tlic parathyroid glands, concludes: “The 
anterior lo])e of the pituitary body bears a close resemblance 
in some of its structural features to the parathyroid glands: 
(1) In both there occur two kinds of cells, the one characterized 
by a homogeneous diffusely staining protoplasm and a relatively 
large pale nucleus, the other by a relatively small dark nucleus 
and an oxyphile granulation of its protoplasm. (2) In both 
there may occur acini whose luraina may be occupied by small 
lobules of colloid substance, or, more sparsely, larger spaces 
Ciontaining larg(‘r masses of colloid.” 

The resemblance to the anterior pituitary asserts itself 
even more strongly when various facts recorded by Welsh care 
compared with some (pioted from Launois’s work — that re- 
viewed in the preceding section. Thus, we have seen that the 
parenchyma of the anterior pituitary was composed of leuco- 
cytes distributed promiscuously, and of anastomosing tubules 
separated by connective tissue partitions in which coursed the 
capillaries, arterial and venous. Welsh, in describing the paren- 
chyma of the parathyroids, refers to a type in which “the cells 
tend to be arranged in continuous anastomosing columns, be- 
tween which connective tissue septa and capillary channels are 
found.” Of another type he says: “The irregular cells occur 
irregularly scattered among the principal cells, either singly or 
in groups of three or four, without definite arrangement.” 
These cells, as he also states, have “a very characteristic and 
constant structure” while their protoplasm “shows a dis- 
tinct fine granulation. The granules are highly oxyphile and 
readily take up eosin and other dyes.” He says, moreover, that 

Richardson : *‘ThG Thyroid and Parathyroid Glands." p. 72, 1905. 

^D. A. Welsh: Jour, of Anat. and Physiol., Apr., 1898. 
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^^they show a striking resemblance to the grannies of the ery- 
throphile cells of the pituitary body, which arc also eosino- 
philic/^ 

Occurring in greater number than the oxyphiles is that 
type of cell which Welsh designates as the ^^principal’^ cells. 
These also ‘^may show considerable variation both in the detail:^, 
of their structure and, more particularly, in their arrangement 
within the gland.” lie also found that their proto^dasm 
“stains very variously, being sometimes exceedingly clear and 
faint, at other times darker, with very fine hasophile granula- 
tions. IMflerences of staining may occur in. cells lying side by 
side in the same acinus.” These facts suggest pointedly that, 
as is the case with the anterior pituitary, the cellular elements 
of the parathyroids include leucocytes. 

Such a conclusion is further sustained by the fact that the 
proportion of cells is a fluctuating one. Indeed, as stated by 
Welsh, “the granular oxyphile cell may not be present at all.” 
If we were dealing with organized epithelial tissues, the ele- 
ments themselves would not disappear. Again, as stated by 
Kogers and Ferguson,®® referring to human parathyroids, “they 
are small and they rapidly decompose or rather undergo auto- 
lysis; hence the ordinary dissecting-room cadaver cannot be 
utilized for their study.” This is readily accounted for when 
its cells arc regarded as leucocytes, for we have seen that leuco- 
cytes contain ferments, adrenoxidase, etc., i.e., various digestive 
triads. Again, such a structure — a delicate spongy framework 
in which the parenchyma of a true secreting organ is replaced 
by blood-fluids, colloid material and flowing, amceboid cells — 
should be readily compressible and easily influenced by blood 
tides. In describing the parathyroids, MacCallum®^ writes: 
“In color they arc of a clear light brown, which may be ren- 
dered pale by anaemia and the accumulation of fat, or converted 
into a brownish-red by congestion. It is particularly this light 
brown color, together with their flabby softness, which makes 
them easily recognizable.” 

This evidence only permits of one conclusion, however, viz., 
that leucocytes penetrate into the parathyroids, and secrete their 
granulations therein. 

"Rogers and Ferguson: Amer. Jour. Med. Scl., May, 1906. 

" MacCallum; Brit. Med. Jour., Nov. 10, 1906. 
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What is the identity of these leucocytes? The cells to 
which Welsh refers as varying greatly in number, and even as 
absent at times — thus emphasizing their migratory nature — are 
granular oxyphiles which "readily take, up eosin." This hap- 
pens to coincide with the leucocytes, which take up iodine phy- 
siologically. 

Iodine is now generally recognized as the main active 
principle of the parathyroid secretion. Gley found®® that the 
relative proportion of iodine was six times greater in the para- 
thyroids than in the thyroid in dogs, and twenty-five times 
greater in the parathyroids than in the thyroid in rabbits. 
Pagel®® also found iodine in the parathyroids. Now iodine is 
not only taken by eosinophile leucocytes, but these particular 
cells arc found in the alimentary canal and tend to accumulate 
in certain organs — thus accounting for their accumulation in 
the parathyroids. 

That leucocytes absorb iodine under normal conditions 
was recently demonstrated by M. Labbc and Lortat-Jacob.®^ 
Labbe,®® alluding to this paper, writes: "Immediately after in- 
jecting cither Gramms solution or iodine dissolved in vaseline 
into the peritoneum [of various animals], certain leucocytes 
may be seen to have taken it up, the drug forming a yellow 
crescent in the periphery of their protoplasm. Soon, this col- 
oration disappears and the yellow crescent is replaced by a 
^rocky’ (sic) formation indicating the modification undergone 
by the iodine in the interior of the leucocyte. Its presence 
may be discerned by chemical reagents: a saturated solution 
of sublimate gives a brown precipitate if the cell contains iodino 
only, and a mixture of brilliant red and reddish-brown pre- 
cipitate if an iodo-iodinc solution has been absorbed by it. 
These reactions are no longer obtainable after a certain time, 
a fact which appears to me to indicate a more complete 
transformation and assimilation of the iodine by the protoplasm 
of the cell. W'ith starch the reaction is still more temporary 
and disappears much more rapidly.” The author states, more- 
over, that when iodine is assimilated and incorporated into the 

^ Oley: See also Archives de physiol., vol. xxiv, p. 146, 1892; C* r. 4e la 
Soc. de blol., p. 843, 1891. 

“Pagel: Cited by Jeandelize: Lor. cit. 

“ M. Labbd and Lortat- Jacob: Loc. cit. 

“Labbd: Presse mddlcale, Aug. 10, 1904. 
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organic molecule, it is no longer possible to detect it, at least 
by ordinary methods, and that ^^it is thus found combined as 
thyroidine in the thyroid." This applies as well to the para- 
thyroids, since we have seen that they also contain iodine. 

The fact that eosinophiles, Welsh’s ‘^oxyphiles," arc not 
phagocytes suggests that these cells do not take up iodine. Not 
only do they absorb it in eosinophilia — though less actively than 
neutrophiles — but the fact that, in normal animals, the absorp- 
tion occurs through the surface or periphery of this cell — a pro- 
cess which differs from the ^^cnglobing" peculiar to phagocytes 
— suggests that the eosinophiles must carry on the physiolog- 
ical role of taking up this halogen — owing, I may add, to its 
identity as a specific tissue constituent. Drawn chemotactically 
to any region in which iodine appears, the alimentary canal, the 
subcutaneous tissues, the blood, etc., the cells then travel to 
the organ in which it is cither stored or used physiologically. 
Indeed, while Opie,°® in a recent comprehensive study of this 
leucocyte, states that ‘‘large accumulations^^ of them “are not 
infrequently noted in various organs" .... “notably in the 
mucosa of the gastro4nteslinal tract, in the mucosa of the air 
passages, in the lymphatic tissues and in the spleen " Levaditi®® 
quotes the observations of Seifert and Leredde that the use o[ 
potassium iodide is accompanied by an increase of eosinophiles 
in the blood. The “digestion leucocytosis" affords a clear ex- 
ample of the process, though in the present connection the 
oxyphilc-eosinophiles play the active role when iodine or the 
iodides are ingested or injected subcutaneously, and transfer 
them to special tissues, including the parathyroids. 

What is the relationship of these cells to the elaboration of 
the iodine-laden secretion of the parathyroids ? 

This is met, to a certain extent, by the observation of 
Labbe that the iodine is transformed chemically in the leuco- 
cytes — to such a degree, in fact, that after a given time, it 
forms part of a new molecule and can no longer be detected 
by tests which do not break down the latter. “These transfor- 
mations," says this investigator, “occur under the influence of 
the active ferments contained in the bo<ly of the leucocytes; the 

^ Ople: Amer. Jour. Med. Sci., Feb., 3904. 

^Levadlti: “Le leucocyte et ses granulations,” p. 116, 1902. 
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oxidaseSy the presence of which was demonstrated by Portier, 
doubtless play an important role in these chemical reactions.’^ 
This recalls a salient feature emphasized in a preceding chap- 
ter: that leucocytes are minute laboratories in which com- 
pound substances required by tissue-elements are built up ready 
for use. That we are dealing in the present connection with 
a physiological function carried on by certain leucocytes as else- 
where is evident; the specific function here being to elaborate 
a secretory product now supposed to be formed by glandular 
elements. 

This conclusion would appear to be weakened by the fact 
that iodine in relatively large quantities may be obtained readily 
from the parathyroids and, therefore, before it is bound up in 
the organic molecule. This does not hold, however, in view of 
the fact that the leucocytes studied by Labbe and Lortat-Jacob 
were observed in vitro. The intracellular transformations 
noted, therefore, exemplified those which occur after the 
specific leucocytes enter the parathyroids, even though on 
reaching the organ the iodine is still in a sufficiently free state 
to be isolated. 

It now becomes a question as to tlie manner in which the 
cosinophilcs dispose of their secretion in the parathyroid. 

The anatomical characteristics of a parathyroid correspond 
very closely with tliose of the anterior pituitary. Tt is also di- 
vided into tubules by a reticulum. Welsh, for instance, states 
that ^Trom the deep surface of the capsule fibrous septa may be 
given off which penetrate the gland and produce an irregular 
lobule formation.” The ^fiobules” arc evidently tubular and 
contain leucocytes, for Carnot and Delion”^ refer to the presence 
in tuberculous parathyroids studied by them of a leucocyiosis 
^‘in their epithelial gut-like tubes” — a fitting description of the 
anastomosing tubules. ^Pheir mode of penetration into these 
cavities — ^by migrating therein — is evidently the same as in the 
anterior pituitary, for, according to Minot, ^The capillaries 
between the cell masses .... may be regarded as sinusoids” 
— the typical arterial channels found in the anterior pituitary. 

The blood (and its leucocytes) penetrates into the organ 

Carnot and Dellon: C. r. de la Soc. de blol., Oct. 21, p. 321, 1905. 

” Minot: Bobm. Davidoff and Huber: **Text-book of Histology,” p. 321, 1905. 
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also by way of its pedicle and is distributed by a fan-like system 
of irrigating channels, as is the case in the anterior pituitary. 
MacCallum describes its supply as made up of a “stalk of 
minute blood-vessels which spring, in the case of the upper 
gland (unless it is greatly displaced), from the superior thyroid, 
while those supplying the lower gland arise from a branch of 
the inferior thyroid artery.^^ Welsh®® states, however, that 
“only one artery, as a rul(j, enters each parathyroid, usually at 
its more tapering extremity. It then runs parallel to the long 
axis of the gland, and, on transverse section, is found to occupy 
a more or less central position. From the central artery lateral 
branches arc given olf at frequent intervals along its course. 
They do not pass off at right angles to it, hut radiate obliquely, 
being directed towards the broader extremity of the gland.” 

A parathyroid differs from the anterior pituitary, however, 
in that its blood is returned, at least in great part, after per- 
meating the organ, by venous sinuses underlying the capsule. 
'J.lius Welsh writes: “The venous return is effected in two 
ways: (1) ^^y venous branches accompanying the arteries and 
opening into a central channel which runs alongside the central 
artery and emerges with it. The veins into which these vessels 
discharge vary according to the position of the parathyroid. 
Thus they may join the venous branches on the surface of the 
thyroid. (2) Numerous venous channels lie immediately under- 
neath the caisute of the parathyroid, and fonii the delicat(J 
reticulum, which is a character of the naked eye appearances 
of the gland. Microscopically, they may appear as dilated, 
thin-walled sinuses. Tliey do not seem to have any constant 
course, but empty into msophageal, tracheal, or thyroidal veins 
indifferently.” 

Interpreted from my standpoint, Welsh’s description 
indicates the itinerary of the eosinophiles in a parathyroid: they 
enter with the blood of the central artery and are distributed 
through the intermediary of its radiating branches. They 
migrate through the walls of these capillaries and into the 
tubules where we found them. 

The nature of the functions of these endogenous cells 
may be surmised from their behavior in the anterior pituitary: 


®» Welsh: Loc. cit. 



1064 LEUCOCYTES AND ADRENAL SYSTEM IN THERAPEUTICS. ETC. 

they secrete granulations in the tubules and these, dissolved 
in the plasma (including adrenoxidase, as will be shown) derived 
from the capillaries, form the secretion of the organ. We will 
see presently that ‘^a homogeneous granular substance^^ which 
gives the reactions of the colloid is present around the vessels. 

What is the nature of the second type of cells, those to 
which Welsh refers as the ^‘principal” cells? 

The fact that this author states that "no matter how deeply 
the cell protoplasm may stain, there is almost never any distinct 
granularity, and that in the exceptional instances in which it is 
present, the granules are exceedingly fine and take on only basic 
dyes,” suggests, in accord with the prevailing interpretation, 
that they are simply epithelial cells. Several features lead me, 
however, to consider them as basophile leucocytes. 

The absence of granulations does not militate against this 
view, since, as we have seen, in the fifteenth chapter, these cells 
readily secrete these products. ^.Phc "principal” cells, consid- 
ered in this light, are merely basophiles which have shed their 
granulations. Levaditi states, in fact, that "basophile granula- 
tions resist but slightly dissolving agents.”’ Like these leuco- 
cytes, the "principal” cells, as stated by Welsh, and also by 
Kolliker,**^ are supplied with a chromatic network. They vary 
in size, thus showing transitional phases of development, which 
does not apply to true epithelium. In the pituitary, "basophile 
cells” which presented all the stain affinities peculiar to baso- 
phile leucocytes, were found by Launois to occur in groups and 
form a lining for the tubules. Welsh refers to a similar dis- 
posal of his principal cells. Another feature which militates 
against the presence of a true epithelium is that "the granular 
cells [cosinophilcs, which vary greatly in number and may even 
be absent] occur irregularly scattered among the principal cells, 
either singly or in groups of three or four without definite 
arrangement.” 

In the parathyroids, basophiles likewise penetrate into the 
tubules, for, as stated by Welsh, they form in certain 
areas "isolated masses” surrounded by a fine "fibrillar stroma” 
in which course "delicate capillaries” or "processes of dense 
fibrous tissues carrying large vessels.” They are evidently the 

^ Kdlllker: *‘Haiidb. d. Qewebelebre d. Menseb./’ Bd. Hi, H. i. S. 326, 1899. 
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source of a secretion, for here and there they are clearly 
‘‘grouped in a single layer around a small circular lumen’’ con- 
taining a “colloid substance.” The eosinophile cells are also 
stated by Welsh to form “definite acini, the lumen being 
occupied by a mass of colloid material.” These are not true 
acini, however. As Petersen®® says, the colloid “presses the 
cells into duct-shaped structures.” 

On the whole, it becomes apparent that, judging even from 
the meager histological work available, the parathyroids owe 
their secretory activity to the presence of two varieties of leuco- 
cytes which are known to secrete their products. 1"hat iodine- 
laden eosinophilic granulations should combine, when dissolved 
in the plasma, with the phosphorus-laden nucleo-proteid granu- 
lations secreted by the phosphorus-laden basophiles, and with 
the adrenoxidase of the plasma found in the parathyroidal 
tubules, is not only suggested by the facts submitted, but also, 
as I will show in another section, by the actual presence of these; 
substances in the parathyroid secretion. 

How is this secretion eliminated? 

The oxyphiles and basophiles arc mixed in certain parts 
of the organ, but on the whole those of the one variety tend 
to form closely packed groups, large areas appearing to be 
composed of only one kind of cell. 1'his is apt to be the case 
near the capsule, i.e,, in close proximity to the sinuses the latter 
contains. As these sinuses are channels for venous blood, they 
can hardly serve for the elimination of the secr(;tion. It 
appears more likely that the colloid substance passes into peri- 
vascular lymphatics and through these to what l^enjamins has 
termed the “parathyroid ducts.” In the ox, Welsh found “a 
duct-like structure” containing apparently several channels, 
benjamins,®® as had Kohn in 1885, also found passages to which 
he gave the above name. “The only histological indiciition of a 
duct in man” observed by Welsh “was met in sections of a large 
parathyroid, in which a few large spaces were found lying just 
outside the gland tissue. These spaces were lined by cubical 
epithelium, and were filled with colloid matter of different 
degrees of density.” As this refers to the pedicle of the organ. 

“PetePBen; Virchow’s Archlv, Bd. 174, Nu. 3, S. 413, 1903. 

BenjamiDB*. Ziegler’s Beitr&ge z. path. Anat., Bd. xxxl, S. 143, 1902. 
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the duct or ducts accompanied tlie vessels. Welsh’s observation 
harmonizes with that of Capobianco and Mazziotto/^ who found 
that tiic blood-vessels were surrounded by spaces that contained 
a homogeneous granular substance which gave the reactions of 
the colloid subvstaiicc — the secretion. This fact [also urged by 
Biedl,**^*^] suggests the identity of the channels which the secre- 
tions ultimately reach, for the description of the Italian 
investigators corresponds with that of perivascular lymphatics. 

The close functional relationship between the parathyroids 
and the thyroid, and the fact that the former or their pedicle 
are sometimes embedded in the paren(*hyma of the latter — as I 
have observed in the ox, and as is often the case in the rat 
(Christiani) and common enough in the dog (MacCallum) — 
suggest that the secretion of the smaller organs is voided into 
the larger. In truth, as stoted by ^lairCalliim,®'* ^‘it is rare to 
find them [the parathyroids] very intimately connected with 
the thyroid.” As shown in the annexed diagrams, they are 
connected with vessels [)osterior to the latter. ^^V'arioiis irregular 
combinations of these relations occur,” says ilact'allum, “and 
sometimes one or other of the glands is found quite widely 
FC])arated from the thyroid.” In the illustrations annexed to 
Welsh’s paper, some instances are shown in which they lie on 
the trachea considerably below the thyroid. Uogers and 
Ferguson"® refer to an instance in which “a parathyroid gland 
was found on the middle of the posterior surface of the pharynx 
at the level of the lower border of the cricoid cartilage, being 
far distant from the nearest margin of the thyroid gland.” In 
Fig. G of the annexed illustration, although complete atrophy 
of one lobe of the thyroid had occurred, the parathyroid of the 
corresponding side is nevertheless present. The perivascular 
lymphatic networks afford a ready means for the transfer of 
the parathyroid secretion to larger lymphatics of the neck and 
through these to the subclavian veins, and finally by the superior 
vena cava to the heart, where it becomes mixed with the venous 
blood from the entire organism. 

The thyroid is in many respects a counterpart of the para- 
thyroids, as may be shown by a few salient facts. ‘ The struc- 

Capobianco and Mazziotto: Glorn. Int. de Solenzn, Nos. 8, 9, 10, 1899. 

niedl: “Internal Secretory Organs,” p. 28, 1913. 

“MacCallum: Brit. Mod. .Jour., Nov. 10, 1906. 

“ Rogers and Ferguson : Loc. Ht. 
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Fig. 1.— Organs of ncok from be- Fig. 2.— The two upper parathyroid 
hind. Four parathyroids In their glands lie close to the lower pair, 
!noBt usual position. which aro in their usual position. 



Fig. 3.— The left upper and right 
lower glands arc In their most typical 
position. The right upper gland lies 
in the region of the inferior thyroid 
artery, the left lower gland, supplied 
by a long arterial branch, is em- 
bedded In the posterior surface of the 
thyroid near its outer margin. 


Fig. 4.— The two upper parathyroids 
are in the common position. The two 
lower glands lie on the anterior sur- 
face of the trachea. 




Pig. 5. — Two parathyroids exist on Pig. 6. — On the right side the condl- 
tho left side. On the right only one tion is practically normal; on the left 
largo gland Is to be found. the thyroid lobe is almost completely 

atrophied, but the parathyroids are 
found in about the usual situation. 


Anatomical, Rfji,ationb op tub Parathyroids. ( MarCallum .) 
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ture of its framework has recently been carefully studied by 
J. Marshall Flint.^® ^^Almost the entire organ," says this 
anatomist, ^‘is made up of follicles, the form and relations of 
which are retained by the connective tissue which embraces 
them" .... ^^small arterioles, venules and capillaries can be 
made out in the interfollicular framework or on the membranes 
which embrace the follicles" .... ‘^at times fine bundles run 
across the basement membranes. These, in some places, form 
the walls of the capillaries." That such a structure is well 
adapted for the transmigration of leucocytes, as I have sug- 
gested, is well shown in Fig. 1 of the annexed plate, which rep- 
resents the framework after its contents have been eliminated 
by Flint^s digestive method. He also writes: ^‘By many it has 
been supposed that the follicles enlarge until they rupture like 
the Graafian follicles of the ovary, and that their contents are 
then carried to the systemic circulation through the lymphatics. 
Others have held that the products of glandular activity passed 
into the circulation through the membranes by osmosis. At 
any rate in the specimens of human, dog^s and monkey’s thyroid 
where the membranes are distinctly visible, no evidence of 
rupture is seen in any of them. The meshes are unquestion- 
ably large enough for the nourishment and end-products of 
glandular activity to pass to and from the cells through the 
reticulated membranes." 

The shape of the follicles is likewise that of the tubules 
in the parathyroids and anterior pituitary. Streiff^^ described 
them as “ovoid sacculgs or short-branched tubules with frequent 
diverticula." He concluded, however, that they did not com- 
municate, and that they w^ere separated by their connective tissue 
walls. Interpreted from my standpoint, such a structure an- 
swers perfectly for the free immigration and emigration of leu- 
cocytes. Flint says in this connection: “While the shape of 
the follicles is, in general, ovoid or spheroid, they are so closely 
packed together that it is possible to find examples of almost 
any conceivable form; some are occasionally elongated, some 
polygonal, others prismatic, and still others almost cylindrical, 
but the predominating type is distinctly ovoidal or spheroidal.” 

^J. Marshall Flint: Johns Hopkins Hosp. Bull.. Feb., 1903. 

^^Streiff: Cited by Ferguson: "Normal Histology and Microscopical Anat- 
omy." p. 461. 1906. 



LEUCOCYTES AS THYROIDAL SECRETING CELLS. 1069 

This is well shown in the annexed plate, also from Flint^s 
paper, the walls being those upon which — according to my 
views — the leucocytes adjust themselves in more or less orderly 
fashion, to form the so-called "glandular epithelium.” 

That leucocytes — and other blood constituents — traverse 
the meshes of the framework is illustrated by the fact that 
Baber^* found that the viscid fluid in the follicles — the colloid 
— often contains blood (and therefore adrenoxidase) ; and fur- 
thermore, that large round cells "migrate into the interior of 
the gland-vesicles.” There are no round cells other than leuco- 
cytes in the blood that "migrate;” hence, in accord with what 
I have shown in the case of the anterior pituitaiy^ and the para- 
thyroids, leucocytes evidently enter the follicles. Again, I 
have pointed out that the walls of the follicles in the organs 
were formed of rows of leucocytes. Baber terms the migrating 
cells referred to "parenchymatous cells,” owing to their ten- 
dency to form part of the glandular parenchyma. 

That leucocytes, derived from intestinal canal or the blood, 
can reach the thyroid as they do the parathyroids, i.e,, with the 
circulating blood, is B:lf -evident. Now, the characteristic stains 
of eosinophile and basophile granulations are also reproduced 
in the thyroid: "All follicles which possess any considerable 
lumen contain a peculiar acidophile substance, known as 
colloid,” writes Ferguson,^“ "which is apparently formed by the 
secretory activity of the glandular epithelium lining the fol- 
licles. Colloid is a homogeneous or very finely granular sub- 
stance which stains readily with eosin/^ Again: "Occasionally 
a single large vacuole, often containing hasophik granules or 
crystalloid particles, occupies the centre of the colloid mass in 
the large follicles.” 

In the microphotograph from Ferguson’s "Histology”^* 
reproduced opposite page 1070 (Fig. 2), the leucocytes — the 
supposed granular epithelium — are not arranged in the beauti- 
ful, orderly manner usually depicted by artists in the text- 
books: they merely spread out in close proximity to each other 
promiscuously around the follicles {a) and may even accumulate 
indiscriminately (?>). This dilTers widely from the true secreting 

” Daber: Philosopb. Transactions, Pt. Ill, ISSL 
"Fersuson: Loc. cit, p. 462. 

Ferguson: Ibid. 
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epithelium, that of the salivaiy glands, the minute epithelium 
of the renal convoluted tubules, the intestinal epithelium, etc. 

The granules evidently originate from the cells, for 
Ferguson states that "the cytoplasm of the epithelium is finely 
granular and decidedly acidophile^^ and that "minute spheroidal 
granules which give the color reactions of the colloid are also 
found in the cytoplasm of the epithelial cells/^ Finally, ho 
refers to the fact that Hurthle, "by staining with the Biondi- 
Ehrlich mixture, succeeded in differentiating two types of cells, 
one lightly staining, the ^eWef cells,^ the other, a darker colloid- 
containing type which he designated as ^colloid cells.^" The 
correspondence with Welshes parathyroid "principal cells” and 
the eosinophiles which form acini "occupied by a mass of colloid 
material” is obvious. 

The manner in which the secretion reaches the circulation 
coincides also with the corresponding process in the pituitary 
and parathyroids. King long ago traced it to the lymph-ves- 
sels. Biondi^® found that the special secretion of the thyroid 
in reptiles, apes and other mammalia was produced by the cells 
lining the follicles and is poured out into the neighboring 
lymph-spaces. Zielinska’® showed that although the colloid 
varied in amount in the thyroids of dogs, the lymph-spaces un- 
der the capsule and the parenchymatous lymphatics always con- 
tained some. Vassale and de Brazza^^ discovered, around the 
follicles of the thyroid, a rich network of lymphatics filled with 
colloid substance from the follicles; and also a similar network 
in the capsule of the gland. Finally, Zielinska’* found a colloid 
substance identical with that in the lymphatics of the gland, in 
the lymphatic vessels in the neighborhood of the organ. It is 
evident, therefore, that, as is the case with the parathyroid 
secretion, it passes to the larger cervical lymphatics ; through 
these to the subclavian Veins, and finally by way of the superior 
vena cava to the heart. 

The nerves of the thyroid have alone been carefully 
studied. Parameschko found that both the arterioles and the 
parenchyma were supplied with fibers, while Crisafelli showed 

n Blondl: Berl. klin. Woch., Bd. xxv. 8. 964. 1888. 

^ZtelitMka: Vlrchow’a Arehlr. Bd. exxxyl. 8. 170. 1894. 

"Vauale and de Braiia: Arch. Ital. de Blol^e. T. xxlil. p. 292. 1896. 

"Zlellneka: hoc, oft 
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the Yesaek surrounded by plexuses which also in- 
volved the parenchymal • Using the Golgi method^ AndersBon^* 
had also noted that they followed the vessels to the latter, but 
Berkley®® was first to show their true distribution by the Golgi 
method, viz., "a meshwork of fibers situated almost immediately 
upon the basal surfaces of the ^epithelial cells of the follicles." 
Interpreted from my standpoint, the meaning of this is obvious: 
the basal membrane facing the interior of the tubules is lined 
with a meshwork of fibers and it is upon these that the leuco- 
cytes lie. 

That the thyroid and the parathyroids are morphologically 
very similar as to the nature of their cellular elements is evi- 
. dent. Another feature asserts itself in the light of the evidence 
submitted above: the secretions of both sets of organs — the 
thyroid apparatus as Gley calls them — meet in the superior 
cava and passing to the heart, must inevitably become thor- 
oughly mixed therein ; and then proceed with the venous blood 
from the organism at large to the pulmonary alveoli, where, as 
I will show in another section, they are taken up by the red 
corpuscles to be distributed to the body at large — including the 
anterior pituitary body. 

This evidence has served mainly to suggest that both the 
thyroid and the parathyroids, as well as the anterior pituitary, 
owe their functional activity to leucocytes and that these cells 
are their only secretory elements. This means much when 
the functional relationship between the parathyroids and the 
thyroid is taken into account, since, as will be shown in the next 
section, these organs jointly influence the functional activity 
of the test-organ and through it the secretory activity of the 
adrenals. The secretion of the latter becoming, when converted 
into adrenoxidase, the active agent in the vital process, the 
thyroid and parathyroids supply a link with the vital mechan- 
ism on the one hand, and on the other, through the leucocytes, 
another fink with external agencies whether these be intro- 
duced through the alimentary canal, the subcutaneous tissues 
or the veins. Prom the standpoint of therapeutics and im- 
miinity, this fact is of commanding importance, since it places 


^ Anderuon: Biol. FSrening FSrband., Bd. !▼, Hft. 6-6i 1891. 
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in our hands a lever by means of which we can control the 
vital activities through the thyroid apparatus and enhance, as 
we will see presently, the functional efficiency of the processes 
through which the body protects itself against disease. 

On the whole, the following conclusions appear warranted : 
(1) the thyroid and parathyroids are not, as now believed, true 
glandular organs; (2) they are composed of a capsule contain^ 
ing a spongeAike connective-tissue reticulum, the meshes of 
which form closed tubular cavities lined with a basement mem- 
brane, the follicles; (3) the follicles are not supplied, as now 
believed, with a secreting epithelium; (4) their secreting cells 
are leucocytes derived from the alimentary canal or the circu- 
lation, which enter the organ with its blood, migrate through the 
walls of the capillanes in the inter follicular septa and the septa 
proper, and fix themselves to the follicular basement membrane 
more or less evenly side by side; (5) the granules of these leuco- 
cytes are secreted in the follicular fluids and represent the active 
constituents of the colloidal secretion; ((>) the secretions of both 
organs (thyroid and parathyroids) leave them through their 
lymphatics and ultimately reach the superior vena cava, the 
heart, and the pulmonary alveoli. 

What is the role of the secretion formed by the joint action 
of the thyroid and parathyroids? 

THE ADRENAL SYSTEM (THE THYROID APPARATUS, ANTERIOR 
PITUITARY AND ADRENALS COMBINED) AS THE 
AUTO-IMMUNIZING MECHANISM OP 
THE ORGANISM. 

In the first volume, which appeared in January, 1903,®^ I 
pointed out that the physiological function of the thyroid gland 
was ‘Ho sustain the functional efficiency of the anterior pitui- 
tary body up to a certain standard, by means of its secretion.^^ 
Considerable evidence was also submitted, showing that the 
thyroid secretion, by stimulating the anterior piturtary, sus- 
tained the secretory activity of the adrenals, and therefore 
the activity of the metabolic processes in all tissues; and 
furthermore, that the three organa thus functionally related — 

C/. also Monthly Cyclo. of Pract. Med.. Jan.. 1903; Philadelphia Med. 
Jour.. Mar. 7. 1903. 
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the thyroid, the anterior pituitary and the adrenals — consti- 
tuted what I termed the "adrenal system/^ 

Although four years have elapsed since I advanced these 
views, and the organs involved have received greater attention 
than ever before, my position has not been weakened, while 
conversely, all solidly established experimental or clinical facts 
that have come to my notice have only served to demonstrate 
the strength of the doctrines 1 have urged. 

In the present volume, I have submitted so far considerable 
additional evidence to the effect: (1) that the adrenal substance 
on being converted into adrenoxidasc, is the oxygenizing agent 
of the entire organism, and (2) that the anterior pituitary body 
— its test-organ — ^governs the functional activity of the ad- 
renals and, therefore, general oxygenation. The third organ 
of thp adrenal system, the thyroid (including the parathyroids, 
the secretion of which is included in that distributed to the 
pituitary, and also in the thyroid extracts we use), will now be 
shown to fulfill the role I had originally ascribed to it. 

The cardinal role of the anterior pituitary body, as the 
governing center of the adrenals, being to regulate oxygen- 
ation, diminution of its functional activity must entail a corre- 
sponding reduction of the oxygen supplied to the body at large 
and, therefore, a reduction of the general temperature. We 
liave seen that removal of the pituitary body or of the adrenals 
is attended by a steady decline of the temperature, and that 
this is a characteristic symptom of Addison^s disease. On the 
other hand, I have shown that the anterior pituitary body was 
the general heat center and that it raised the general tempera- 
ture by stimulating the adrenals and, therefore, the oxygenation 
of the body at large. Under these conditions, if, as I hold, the 
functional activity of the anterior pituitary body is sustained 
by the secretion of the thyroid gland, overactivity of this organ, 
or thyroid extract, should cause a rise of temperature, while 
conversely, removal of the gland or disorders capable of re- 
ducing its efficiency as a secreting organ should cause a fall of 
the temperature. Ample physiological and clinical testimony 
is available to demonstrate that these conditions are satisfied. 

From the standpoint of physiology, Oco. It. Murray,'*® 

O. R. Murray: Brit. Med. Jour., Jan. 25, 1896. 

2—18 
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after describing the morbid phenomena that occurred in a rab- 
bit after incomplete removal of the thyroid, refers to the ^^simi- 
larity between the condition developed and that which develops 
in man and in monkeys after thyroidectomy, as shown by 
the hebetude, swelling, loss of hair, dryness of skin and low 
temperature/^ J. Lorrain Smith**® observed ‘^a steady fall of 
body temperature^’ in every animal (cats) in which he had per- 
formed thyroidectomy. Edmunds**'^ states that after removal 
of goiters the temperature is ^^gencrally subnormal.” In the 
cat, Jeandelize**® noted a fall of nearly 3° C. (5.4® F.) though 
the animal was not then moribund, three days after ^^para- 
thyroidectomy,” meaning thereby the careful removal of the 
thyroid and parathyroids. In a kitten in which he had left 
two parathyroids, he also observed “lowering of the tempera- 
ture/’ though the post-operative life was prolonged. Eeferring 
to experiments by Clley, Eouxeau and Hofmeister in rabbits, in 
which removal of the thyroid was followed somewhat later by 
that of the parathyroids, Jeandelizc states that ^‘paralysis, hy- 
pothermia and chronic phenomena seemed to dominate the 
scene.” Eouxeau®” in fact states that in his animals “hypother- 
mia was practically constant and often rather accentuated from 
the start.” '^Phis applies to all animals, including man. 

Conversely, the effects of thyroid extract on the tem- 
perature are well known. Thus Chanteinessc and Marie, and 
Ballet and Enriquez (Popoff®’^) observed a rise of temperature in 
animals after the administration of thyroid extract. Similar 
observations have b(?en recorded by Gucorguiicvsky,®® Bourne- 
ville®® and others. Lewis C. Bruce,”® having used it in 60 cases, 
found that it caused fever. In an experimental study Ott®^ 
was also led to conclude that thyroid produced a rise of tem- 
perature, i.e.y that it was “a pyrogenic agent.” “That thyroid 
overdosage does quicken the pulse, raise the temperature and 
cause loss of weight,” says P. C. Shattuck,®® “admits of no 

“ J. Lorraln Smith: Jour, of Physiol., vol. xvl, p. 378, 1894. 

Edmunds: Practitioner, April, 1901. 

“Jeandellze: Lor. cit., p. 45. 

'*®Rouxeau: Archives do physiologic, T. xxlx, p. 1.36, 1897. 

” Popoff: Arch. gen. de raCd., Oct., 1899. 

Gu^orgullevsky: Thftse do St. Petersburg, 1896. 
nournevllle: Arch, do neurol.. Sept., 1896. 

®® Lewis C. Bruce: Jour. Mental Science, Oct., 1895. 

•lOtt: Medical Bulletin. Oct., 1897. 

C. Shattuck: Boston Med. and Surg. Jour., June 30, 1904. 
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doubt/^ He refers to a case in which, under the inllueiice of 
excessive doses, the temperature from subnormal rose to 
103° F. 

Additional evidence from the standpoint of clinical medi- 
cine is afforded by the fact that the two diseases now generally 
ascribed to inadequate activity of the thyroid, inyxccdema and 
cretinism, both present hypothermia as a prominent symptom. 
Thus while Osier and Norton®^ state that the temperature of 
cretins is “invariably subnormal” and that “they suffer from 
cold,” Tyson®^ says that in myxcGdema “subnormal temperature 
is characteristic, though in the early stages the temperature 
may be normal or slightly above. In winter the patient always 
feels cold and hugs the stove.” Levi and de Uothschild®''’ have 
shown recently, moreover, that aside from these diseases, a 
large number of disturbances attended with hypothermia, ob- 
jective and subjective, and often accompanied by vasomotor 
disorders, cyanosis, neuralgia, chilliness, etc., are in reality due 
to hypothyroidia and yield to thyroidal treatment. Ilcrtoghe®® 
refers to a ease in which recurrent chills had suggested the use 
of quinine in large quantities; then, on the plea that hysteria 
was present, to the equally fruitless use of the bromides. The 
chills yielded promptly to thyroid extract, but returned as soon 
as its use was discontinued. 

Suggested in this connection is the fact that the process 
through which the temperature is raised or depressed by tlie 
thyroid apparatus or its extracts has remained obscure, though 
many tentative theories unsupported by evidence have been 
vouchsafed. This is a nonnal result of the fact that, as re- 
cently stated by Laulanie (1J)05),®^ physiologists (“we”) “are 
absolutely ignorant of the mechanism of organic oxidation.” 
AVith the adrenal secretion as the basis of oxygenation, the test- 
organ of the anterior pituitary body as the adrenal center, and 
the secretion of the thyroid apparatus as the physiological stim- 
ulus of the test-organ, we have an explanation sustained not 
only by physiological and clinical evidence, but also, we have 

Osier and Norton: Sajous’s “Cyrio. of Praet. Med.,*’ vol. ill, p. 1905. 

•‘Tyson: “Practice of Medicine,” third edition, p. 678, 1903. 

** Li§vl and de Rothschild: C. r. de la Soc. de biol., Oct. 26, 1906. 

®® Ilertoghe: La mOd. pratique, Nov., 1906. 

•^ Laulanld: “Eldments de physiologie,” Paris, 1905. 
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seen, by the teachings of comparative zoology and physiological 
botany. 

Again, I have pointed out that, owing to its r61e as the 
governing center of the adrenals, and, therefore, of general 
oxygenation, the test-organ of the pituitary governed tissue 
metabolism. If the thyroid gland sustains, by its secretion, 
th(j functional efficiency of this organ, and, through it, oxygen- 
ation, it should also influence metabolism. Here again, phy- 
siology and clinical medicine harmonize in showing that this 
influence is very marked. 

Eemoval of the thyroid, we have seen, causes a steady fall 
of the temperature. This should, if my view that this organ 
influences oxygenation through the adrenals is sound, reduce 
the proportion of secretion in the blood and cause a corre- 
sponding reduction of its power to take up oxygen. Albertoni 
and Tizzoni®** observed that after thyroidectomy ‘The blood 
showed less power to fix oxygen.’’ Again, as I have shown 
that the adrenal secretion formed part of the haemoglobin 
molecule, the latter should show diminution: Masoin®® found 
that “the relative quantity of oxyhamioglobin in the blood was 
diminished in proportion as the morbid results of thyroid- 
ectomy progressed.” That the thyroid should be able to in- 
fluence metabolism under these conditions is evident; that it 
does so is made apparent by the following testimony: — 

Swale Vincent’®® published recently (1906) such a succinct 
and withall comprehensive review of the subject that excerpts 
from his text will be submitted as evidence: — 

“The discovery of iodine in the thyroid gland by Bau- 
mann’®^ and the isolation of thyroiodin as the probable active 
principle led observers to test the action of this last upon 
metabolism. Treupel,’®“ Grawitz,’®® David,’®* and Dinkier,^®’’ 
by observations on the human subject, and Eoos,’®® who used 
a small dog, came to the conclusion that tliyroiodin influenced 

Albertoni and Tlzzonl: Cited by Maragliano: Oaz. degll Osped., Oct. 20, 

1894. 

**Masoln: Bull, de I’Acad. de m€d. de Belgique. No. 1, p. 88, 1895. 

100 Swale Vincent: Lancet, Aug. 18, 1906. 

101 Baumann: Zelt. f. physiol. Chemle, Bd. xxl, S. 319, 1895. 

io2Treupel: Milnch. med. Woeb.. Bd. xllli, Nu. 6. S. 117, 1896, and Nu. 38. 
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joaQrawitz: IMd., Bd. xllli, Nu. 14, S. 312, 1896. 

David: Zelt. f. Hellkunde, Bd. xvll, S. 439, 1896. 

100 Dinkier: MUnch. med. Woch.. Bd. xllli, Nu. 32, S. 513, 1896. 

Roos: Zelt. f. physiol. Chemle, Bd. xxl, S. 19, 1895. 
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metabolism in the same way as the thyroid glanJ substance 
itself, in that the body weight diminished and the nitrogen 
secretion increased. 

^‘Some experiments of short duration are recorded, di- 
rected to the estimation of the oxygen taken in and the carbon 
dioxide given out during thyroid administration. These res- 
piration experiments were carried out after the Zuntz-Gep- 
pert method. Magnus-Levy^®^ found in a normal man during 
the exhibition of thyroid glands a not very distinct increase of 
the oxygen intake and the carbonic acid output. Later ex- 
periments by the same author^®® on a myxmdcmatous patient 
gave, on the other hand, an increase of 80 per cent, in the 
oxygen intake under the influence of thyroid, and 43 per cent, 
under the influence of iodothyrin. 

^‘The experiments of Stiive'®® on a healthy man showed 
an increase of oxygen intake of 20-23 per cent., and a some- 
what smaller increase of carbon dioxide excretion. Thiele and 
Nehring^^® also found an increase of oxygen intake amounting 
to 20 per cent.; the carbon dioxide output was smaller and 

irregular Schdndorff^^^ has performed a series of very 

careful experiments of long duration upon dogs, and has 
reached the conclusion that metabolic processes are distinctly 
increased by the administration of thyroid substance. There 
is at first no influence on proteid metabolism, but an increase 
in nitrogenous excretion from increased elimination of nitro- 
gen-holding extractives already present in the body. The body 
fat is first used up. After a certain period, however, the pro- 
teid is also attacked. On stopping the thyroid administration, 
the metabolism returns to normal, while renewed administra- 
tion leads to increased nitrogenous excretion.” 

This occurs likewise when the thyroid gland is overactive, 
as in exophthalmic goiter. Hirschlaif”* found the “metabolic 
processes most surprisingly active.” In one case the gaseous 
interchange was found 77 per cent, greater than that of a nor- 


MasnuB-Levy: Berl. kiln. Woch., Bd. xxxil, S. 660, 1895. 

MagnuB-Leyy: Deut. med. Woch., Bd. xxli, Nu. 31, S. 491, 1896. 

Stave: FestBchrift des St&dtlBchen KrankenhauseB in Frankfurt am 
Main, Sept., 1896. 

uo Thiele and Nehring: Zelt. f. klin. Med., Bd. xxx, S. 41. 1896. 

Schdndorff : Pflttger’B Arch., Bd. Ixvil, S. 395, 1897. 
ua Hlrachlaff : Zelt. f. kiln. Med., Bd. xxxvl, Hft. 3-4, S. 200, 1898-99. 
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mal girl of about the same weight. Salomon"'* also found the 
0 intake decidedly increased. Scholz"^ found that when thy- 
roid extract was administered to such a case the excretion of 
phosphoric acid was increased tenfold, while in a normal sub- 
ject the increase was only 25 per cent. The great increase of 
0 intake is often such as to cause considerable discomfort, 
which the patient describes as “llushiiigs,^^ “hot waves,” etc. 
The emaciation, rapid breathing, duskiness, muscular cramps, 
etc., also point to excessive oxygenation. 

Easterbrook,"® after a careful study of the influence of 
thyroid extract in a large number of cases of various kinds, 
concluded that “thyroid is a profound catabolic stimulant,” and 
that “it greatly accelerates the splitting up and oxidation of 
the tissues.” Administered in exophthalmic goiter (before the 
cachectic or breaking-down period) thyroid extract should 
prove harmful. '^IVson,"** referring to Greenfield, states that 
“thyroid in excess produces tachycardia, tremor, headache, 
sweating, and prostration, symptoms of Graves’s disease,” and 
that “when administered during the disease, it aggravates the 
symptoms.” This applies also to parathyroid extracts. James 
J. Walsh’" concludes, aft(‘r using the latter, “1 do not think 
that parathyroid extrac^t prcKluccs any benefit in cases of 
Graves’s disease, and that if employed in large doses, even for 
a few days, or in small doses for many days, it will produce an 
exacerbation of symptoms not unlike those which are produced 
by the ingestion of a certain amount of thyroid substance.” 

All this shows clearly the marked influence of the thyro- 
parathyroid apparatus upon the intake of oxygen, the output 
of carbon dioxide, phosphoric acid, nitrogen, etc., t.e., upon 
metabolism — precisely the function carried on by the adrenals 
through the intermediary of the anterior pituitary. 

That ovcractivity of the anterior pituitary is capable of 
causing excessive metabolism and overnutrition, is emphasized 
by the osseous and muscular overgrowth that occurs in the 
crcthic stage of acromegaly. Marie termed this disease a “sys- 
temic dystrophy” of pituitary origin, while Tamburini, Harlow 

Salomon: Berl. kiln. Woch., Bd. xll. S. G35, 1904. 

»«Scholz: Centralbl. f. Inn. Med.. Bd. xvl. S. 1041. 1069. 1895. 

Easterbrook: Lancet. August 27. 1898. 

Tyson: “Practice of Medicine.*’ third edition, p. 672. 1903. 

James J. Walsh: Amer. Med., May 20. 1905. 
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Brooks, and Mitchell and Ijc Count, as stated in the first vol- 
ume, and more recently by D. D. Lewis”** have shown, not only 
that the anterior lobe was the scat of the lesion, but that the 
latter .was due to “hyperphisia of the chromophile cells’' — a 
suggestive condition in view of my interpretation of the func- 
lions of this organ. Benda’s”** conclusion (1891) tliat this 
probably indicates ‘^an excessive activity of the gland,” Woods 
Hutchinson’s^^® belief that the pituitary “is the growtli center 
or at any rate the proportion regulator of the skeleton,” indi- 
cate that, although unaware of the nature of the process, in- 
vestigators have connected the pituitary with nutrition. This 
applies as well to the question in point: Fuchs**^' remarks in 
a study of the tumors of the pituitary: “VTn*y important in 
this connection is the infiucnce exerted by the pituitary upon 
the bodily metabolism.” 

It is plain, therefore, that the thyroid secretion can, 
through the anterior pituitary,. sustain metabolism through the 
body at large. Here again, the prevailing obscurity as to the 
manner in which thyroid extract influences metabolism affords 
in itself cogent testimony in favor of an interpretation which 
accounts so readily for recorded experimental and clinical 
facts. This becomes all the more evident when we realize that 
physiologists have failed to explain metabolism, as shown by 
Foster’s previously quoted conclusion that, after all, it “con- 
sists of guesses and gaps.” With the thyroid apparatus as the 
source of a secretion which sustains the rnnctioiial activity of 
the anterior pituitary, i,e., of the sensory test-organ which gov- 
erns the adrenals, and with the adrenal secretion as the active 
factor in metabolism, we have a chain composed of solidly 
forged links. 

The functional relationship between the thyroid, the an- 
terior pituitary body, and the adrenals is further shown by the 
fact that each of these organs, when overactive, can provoke 
glycosuria. I pointed out this fact in the first volume”* and 
submitted additional evidence in the present volume”® as to 

D. D. Lewis: .Tohns Hopkins Hosp. Bull., May, IdO.'i. 

Benda: Cited by Lewis: IhUl. 

’““Woods Hutchinson: Osier’s "Practice of Medicine," p. 1143, 1898. 

’“’Fuchs: Wien. kiln. Woch., Dd. xvi, S. 151, 1903. 

Cf. vol. 1, pp. 362 to 420, in the first three editions. 

^ Cf. this vol., p. 1021. 
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the role of the pituitary and adrenals. The supplementaiy 
evidence concerning that of the thyroid need alone, therefore, 
be adduced. 

That overactivity of the thyroid can cause glycosuria is 
shown by the fact that it is commonly observed in exophthalmic 
goiter, a disease in which the thyroid is admittedly overactive. 
In some cases, in fact, glycosuria occurs prior to the develop- 
ment of the more typical symptoms of the disease, exophthal- 
mos, enlargement of the thyroid, etc. Cases in which the 
sugar occurs as a s3miptom of the general disease — those which 
interest us in the present connection — have been reported by 
Lauder Bnmton,'** Barnes, Launois,^-® who refers to twenty- 
six cases reported by others, including two by Lepine, Somjues 
and Marinesco,^^^ Kleinwiichter,^*® Pitres,^ and many other 
clinicians. 

That irrespective of such diseases, overactivity of the thy- 
roid can provoke glycosuria has moreover been pointed out by 
Arnold Lorand,^®® who found that thyroid extract exceeded 
adrenal extract in activity in this particular, and that it could 
bring on glycosuria, ^^and even its higher degree, true diabetes/’ 
Bosanquet'®^ observed a case of combined ^^diabetes and myxm- 
dema.” Many such have been reported; but this is not true 
diabetes: it is the form in which, as I have previously shown,^®* 
the ingested sugar is absorbed and eliminated without first be- 
coming converted into glycogen. It may also occur, in fact, in 
the terminal or cachectic stage of acromegaly.^®® But this docs 
not, in the least, invalidate the fact that overactivity of the 
thyroid also evokes glycosuria by causing indirectly a too ac- 
tive conversion of glycogen into sugar. Lorand found that 
‘^by giving thyroid extract all the symptoms of true diabetes 
could be produced,^^ and refers to cases recorded by Ewald'®‘ 


^Lauder Brunton: St. Bartholomew’s Hosp. Reports, toI. x, p. 253, 1874. 
Barnes: Brit. Med. Jour., June 1, 1889. 

Launois: Lyon mfid., vol. xxlx, p. 46, 1897. 

Souques and Marlnosco: Bull, mdd., June 16, 1897. 

Kleinwftchter: Centralbl. f. Gynacol., Bd. xvl, S. 181, 1892. 

Pitres: Le bull. m6d., Aug. 18, 1897. 

^ Arnold Lorand : Ann. de la Soc. roy. d. sc. m6d. et nat. de ‘Bruxelles, 
T. xll, fasc. 4, 1903; Trans. Pathol. Soc. of London, vol. Ivli, Pt. 1, 1906; Monthly 
Cyclo. of Pract. Med., Aug., 1906. 

isL Bosanquet: Lancet, Juno 10, 1905. 

Cf. Tol. 1, p. 418, in the first three editions. 

>>>* Cf. also vol. 1. pp. 154, 197, 365, in the first three editions. 

^a^Ewald: Berliner kiln. Woch., Bd. xxxil, ii, S. 25, 55, 1895. 
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arid B6cl^re/®® in which diabetes was brought on by ‘^treat- 
ment with large doses of thyroid extract/^ 

That a functional link exists between the thyroid and the 
anterior pituitary body in this connection is well shown by the 
fact that in cases of acromegaly (the true form of which is 
due to hypertrophy of the anterior pituitary only, as shown by 
Tamburini,^^® Harlow Brooks/®^ Lewis and others) in which 
diabetes is present, the thyroid is also found “hypertrophied, 
with much colloid,^^ as illustrated by cases reported by 
Pineles,’’** Ilanscmann/®® Ferrand/*® Harlow Brooks/^^ Dalle- 
magne,’'*^ and others.^^® Indeed, Lanccreaux^*^ and others have 
reported cases in which acromegaly, exophthalmic goiter and 
glycosuria were present simultaneously. 

Once more are we confronted with a condition, the patho- 
logy of which has remained obscure. Tyson,^*® for example, 
states, referring to diabetes, that “there is no disease concern- 
ing which so much accurate knowledge has been arrived at. 
and of the true pathology of which we arc so thoroughly in 
the dark.^^ An overactivc thyroid, by exciting the anterior 
pituitary and through its test-organ, the adrenals, accounts 
clearly for at least one way in which it can be produced. (We 
will sec elsewhere that many drugs and poisons can cause it by 
exciting directly the test-organ.) As previously shown, the 
investigations of Blum, Croftan, llert(»r and others have dem- 
onstrated that adrenal extractives produce glycosuria. 

Now that the relationship between the thyroid and tissue 
metabolism, i.e., the vital process — through the intermediary 
of the anterior pituitary and the adrenals — has been shown, 
many clinical facts find a logical explanation which so far 
have only been accounted for by tentative hypotheses devoid of 
foundation. 

Osier and Norton^^® state that “thyroid extract has revo- 

>"BB6cldre; Gazette m£d. de Paris, 1899; cited by Lorand: Lor. cit. 

iMTamburlnl: Rlv. Sperm, de Pren., p. 669, 1894; p. 414, 1896. 

^ Harlow Brooks: Arch, of Neurol, and Psych., vol. 1, p. 485. 1898. 

^"Plneles: Jahrbuch der Wiener Krankenanstalten, pp. 256, 268, 1897; clt( 
by Lorand: Monthly Cyclo. of Pract. Med., Sept.. 1906. 

Hansemann : Berl. kiln. Woch., Bd. xxxiv, S. 417, 1897. 

Ferrand: Revue nnuroloRlque, T. lx, p. 271, 1901. 

Harlow Brooks: Lor. cit. 

Dallemagne: Archives de mdd. expdrlmentale, etc., T. vii, p. 689, 1895. 

Cited by Lorand: Loo. cit. 

Lancereaux : La semaine mddicale, Feb. 3, 1895. 

145 Tyson: hoc. cit., p. 797. 

Osier and Norton: Loc. cit., p. 496. 
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lutionized the treatment of cretinism," and that such ^^children 
show a most astonishing rapidity of growth during the first 
months or a year of treatment," after which ^^growth proceeds 
gradually as in healthy children," along with development of 
the intelligence, the adjustment of functions to the nonnal, 
etc. Now, in this disease, as in myxmdema, its kindred dis- 
order ill adults, the vital processes arc not carried on with suffi- 
cient activity, and — in the light of my views — thyroid extract, 
by stimulating the adrenal center, raises all vital functions to 
their normal standard by promoting general nutrition. Hence 
also, the value of thyroid extract: in arrested growth, irre- 
spective of cretinism, as shown by Ilcrtoghc,^*^ Schmidt, and 
others; for delayed union in fractures by Gauthier,^*® Bayon,^''*® 
and others ; chronic osteomyelitis by W. J. Taylor,^®^ etc., and 
other conditions in which the vital and reparative processes are 
sluggish. 

All this is further emphasized by the influence of thyroid 
extract upon accumulated wastes, fats, etc. In enhancing meta- 
bolism, it naturally promotes destruction of these substances; 
in other words, as stated by Easterbrook, thyroid extract is 
‘^a profound catabolic stimulant"; hence its marked action in 
obesity as shown by Charrin,^*"’^ Magnus-Levy,^'^’* and many 
other cliiii(‘ians, and its special efficacy as observed by French 
physicians in subjects that arc also “pale, soft and flal)by." By 
stimulating metabolism, the fats are caused to break down — 
the first manifestation of adequate oxygenation. 

This applies as well to toxic wastes which accumulate when 
metabolism is inadequate — a fact which accounts for the relief 
afforded by thyroid extract in the tetany that follows removal 
of the thyroid gland. The absence of thyroid secretion which 
this operation entails, by depriving the test-organ of its normal 
stimulus, reduces the secretory activity of the adrenals in pro- 
portion; the oxygenation of the entire organism being corres- 
pondingly impaired, the food and tissue wastes are inadequately 


Hertoghe: Bull, de I'Acad. roy. de mM. de Belgique, p. 897, 1895. 
Schmidt: Therap. Woeh., Nov. 15. 1896. 
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catabolizcd and accumulate in the blood, finally causing convul- 
sions. Hcrbivora, rabbits, sheep, oxen, horses, etc., whose food 
contains much less nuclein and other substances capable of 
forming toxic wastes, suffer less from tetany than carnivorous 
animals, cats, dogs, foxes, men, etc., whose food contains con- 
siderable of these noxious and spasmogenic bodies. Even in 
the latter animals, however, thyroid extract arrests the con- 
vulsions. 

The thyroid gland has long been known to neutralize or 
destroy toxic wastes, its secretion being thought to do so while 
circulating in the blood by some authorities, while others hold 
that this process is carried on in the organ itself. These views, 
however, have not been satisfactorily sustained. On the other 
hand, excitation of the adrenal center in the anterior pi- 
tuitary— the test-organ — and the resulting increase of the 
blood’s oxygenizing (and therefore, catabolic) activity, accounts 
clearly for the beneficial effects observed as long as the extract 
is administered. 

This explains also the beneficial and sometimes curative 
effects of thyroid extract in the tetany of gastroenteritis, espe- 
cially in children, and idiopathic tetany as shown by (5ott- 
stcin,^^’^ Maestro, Levy-Dorn,^-'*® and other observers. While 
the spasmogenic toxics here are derived directly from imper- 
iccily digested food-stuffs, the fact that toxic waste products 
are likewise destroyed under the influence of thyroid extract 
is shown by its marked action in puerperal eclampsia. This 
was first shown by Nicholson,^®^ whose aim was to antagonize 
^^auto-intoxication,” thyroid proving curative when given in 
large doses. Nicholson’s results have been corroborated by 
other observers. 

Here again we have evidence of concomitant ovcractivity 
of the anterior pituitary. Lange^”’’* found in a study of 133 
cases, that the thyroid gland begins to enlarge during the fifth 
or sixth month of pregnancy and that eclampsia and albumin- 
uria occurred most frequently among cases {22) which did not 

Gottstein : Deut. Zelt. f. Nervcnhcilk., Bd. vi, S. 177, 1895. 

Maestro: Riforina Medlca, vol. xil, 11. p. 468, 1896. 
iwLevy-Dorn: Berl. kiln. Woch.. I3d. xxxlll, S-. 88, 1896. 

Nicholson: Scottish Med. and Surg. Jour., vol. vlll, p. 503, 1901; vol. xii, 
p. 204, 1903. 

168 Lange: Zelt. f. Geburts. u. Gyndk., Dd. xl, S. 34, 1899. 
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show this enlargement. This indicates — ^in the light of my 
views — overactivity of the organ at a time when the wastes of 
the foetus are such as to increase materially those of the mother, 
the object being to enhance the catabolic activity of the blood 
correspondingly. Hence the beneficial influence of thyroid ex- 
tract observed by Nicholson and others. That the anterior 
pituitary is the seat of a corresponding overactivity during 
pregnancy is shown by Comte, who specified that ‘‘the hyper- 
trophy affected the glandular lobe alone.^^ Launois and Mulon^®® 
confirmed these observations and emphasize “the disproportion 
between the two lobes of the gland, the epithelial lobe being 
much larger, in comparison with the neural lobe, than under 
normal conditions.” Histological examination of the organs 
showed, moreover, that they were “in a manifest state of hyper- 
activity.” ^ 

As will be shown under their respective headings, thyroid 
extract has also proven beneficial in such disorders as epilepsy, 
tetanus, rheumatoid arthritis, etc., in which, as in eclampsia, 
toxic wastes arc the pathogenic elements — all through its stim- 
ulating action upon the test-organ, i.e., the adrenal center. 

Adrenal extract, adrenalin, etc., have also proven effective 
— due allowance being made for its ephemeral action — in dis- 
orders characterized by deficient oxygenation, hypocatabolism, 
etc. 

We have seen that adrenal extract and adrcnjilin provoked 
glycosuria: the increase of metabolic activity in the pancreas, 
and the resulting overproduction of amylopsin — the ferment 
which acts on glycogen — account for the phenomenon. The 
familiar action of adrenal on the tissues is also explained by the 
intense metabolic activity which it excites in the cellular ele- 
ments, owing mainly to its identity as a catalytic — a fact which 
explains also the observation of Herter that glycosuria could 
be produced by applying a solution of adrenal into the pancreas. 
The vascular contraction it produces — thus insuring a bloodless 
field for operation — is also a normal outcome of the excessive 
metabolism it induces in the muscular elements of the vessels. 
This acounts for the production of arteriosclerosis by adrenal 

in Comte: Thdse de Lausanne, 1898. 
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extractives, as shown by Josu6,‘®^ Erb,^®* von Hzentkowski,^® - 
and others, since excessive constriction of the vasa vasorum 
must normally produce denutrition of the vascular coats, with 
degeneration and fibrosis as results. Thus Councilman, ^®^ in a 
study of forty-one autopsies, found that in the nodular fom 
the primary alteration consisted “in a degeneration or a local 
infiltration in the media and adventitia, chiefiy about the vasa 
vasorum.” 

The usefulness of adrenal extract and adrenalin in condi- 
tions due to depression of vital activity, hypocatabolism, etc., 
likewise finds a logical explanation. In shock, a condition in 
which, as stated by Kinnaman,^®® “the most uniform and pro- 
gressive factor” is “the fall in temperature,” adrenalin, as 
shown by Crilc,^®® is of great value when judiciously em- 
ployed. This investigator resuscitated animals by its use — 
with simultaneous artificial respiration — fifteen minutes after 
life had ceased — ^a normal result in the light of my opinion, 
since the adrenal secretion sustains the vital process in the 
tissue cells. In cases of asthma with lowered vasomotor tone 
S. Solis-Cohen^®^ and Bullawa and Kaplan^®® found it effective; 
so did Mankovsky/®® Floersheim,^^® and others, in cardiac 
weakness and threatening collapse — especially, according to 
Boy-Teissier,^^^ when there is dilatation and cyanosis. These 
are but few of the conditions in which adrenal extractives have 
been tried successfully. Here, however, as in other disorders, 
they have proven effective only where the life-processes were 
more or less in abeyance. 

On the whole, we have now seen that the thyroid gland, the 
anterior pituitary and the adrenals influence temperature and 
metabolism in the same way, and that they awaken homolog- 
ous phenomena in many directions. That each of these struc- 
tures is capable of provoking individually such parallel effects 
would be illogical; indeed, no experimentally-sustained explana- 

J 08 U«: C. r. de la Soc. dc blol., yol. Iv. p. 1374. 1903. 

Erb; Wien. xned. Presse, Bd. xlv, Nu. 18, S. 884, 1904. 
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tion would be available to account for them. On the other 
hand, when the three sets of organs are considered as related 
functionally, i.e., as the adrenal system, the phenomena 
awakened by each organ occur as normal results of its action 
upon the organ with which it is linked. Thus, the thyro-para- 
thyroid secretion enhances metabolism by exciting the anterior 
])ituitary body, owing to the presence in the latter of its sensi- 
tive test-organ ; the anterior pituitary in turn produces the same 
effect by stimulating the adrenals through the nerve-path which 
unites it with these glands; finally, the adrenals also sustain 
metabolic activity through their secretion, the precursor of 
adrenoxidase. Of the latter substance I horve had occasion to 
say:”^ ‘Tt is able not only to endow nonliving though viable 
proteids with vitality by bringing into play and governing the 
activity of various other physico-chemical bodies, but it can 
also sustain the vital process it has initiated in all the cells of an 
organism.^^ Eecalling now that it is through the intermediary 
of leucocytes laden with exogenous products that the secretions 
elaborated in the thyroid and the parathyroids can produce 
such effects, and that toxic wastes are destroyed when excess of 
adrenoxidase appears in the blood, we obtain an insight into 
the means through which the body protects itself against dis- 
ease, i.c., of the vis medicairix natures. 

On the whole, the evidence submitted in the first volume 
and in the present section warrants the following conclusions: 
(1) the thyroid apparatus (the thyroid and parathyroids) , the an- 
terior pituitary body and the adrenals are functionally interde- 
pendent and thus constitute the adrenal system; (2) the function 
of the thyroid apparatus is to supply a secretion to the blood 
which enables the latter, while circulating through the anterior 
pituitary body, to excite its test-organ; the function of the 
test-organ is to react sufficiently under the influence of the thyro- 
parathyroid secretion, to stimulate the adrenals and thus to sus- 
tain their secretory efficiency; (4) the function of the adrenals 
is to sustain oxygenation and therefore general metabolism — the 
vital process — by means of its oxygen-laden secretion, adrenoxi- 
dase; (5) if from any cause the functional activity of either 
one of the organs composing the adrenal system becomes inade- 


C/. this vol, p. 938 et seq. 
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qvxite or excessive, general metabolism, and therefore the vital 
process, is influenced accordingly. Hence, ((>) the functions of 
the adrenal system are (a) to sustain general metabolism and 
the vital process, (b) to protect the organism, when toxic wastes 
accumulate in the blood, by augmenting the proportion of adren- 
oxidase supplied to the blood and therefore the antitoxic activity 
of the latter; (7) the adrenal system, therefore, is the bodys 
auto-protective or auto-immunizing mechanism. 

THK TIIYJIO-PAIIATIIYUOID SECRKTION AS THE SENStTT/IN(J 
SUHSTANCE OF ALL CELLS AND AS THE PHYSIOLOC rCAL 
EXCITANT OF THE TEST-OROAN. 

As stated in tlie preceding section, the experiments of Olcy, 
Moiissn, and Vassale and (ienerali showed tliat the thyroid 
fulfilled trophic functions, while extirpation of the parathy- 
roids was followed by convulsive phenomena. This is sus- 
tained by a large number of experiments in animals and many 
clinical observations. In young dogs, for instance, extirpation 
of the thyroid alone i)rovoke8 all the plumomena of cretinism; 
as stated by Jeandelize^^^ ^Thc animals remain small, become 
apathetic; the face becomes wrinkled, the trunk broad, tlui 
belly rounded, the skin thickened and lobulated owing to 
inyxmdematous infiltration, and the fur rough.’’ Briefly, thy- 
roidectomy pure and simple provokes tro])hic disorders. 
Although Kishi^'* found recently that dogs and cats may die 
after this procedure even though the j)arathyroids arc left 
intfict, the fact remains that cv(*n in carnivorous animals, 
including man, extirpation of the thyroid proper is not usually 
followed by death, but by the cachexia strumif)riva of ]?ever- 
din and Kocher, i.e., myxeedema. 

Removal of both, the thyroid and parathyroids, on the other 
hand, is generally fatal. Jeandclizc collected 45J7 experiments 
of this kind on record, all in dogs. The mortality was 91. fi 
per cent. Edmunds’^® states that this procedure causes '^almost 
invariably the following symptoms: tremors, convulsive at- 
tacks with rapidity of breathing and rigidity of limbs passing 
into paralysis. Death comes on within a few days, usually in 

Jeandellze: Loc. cit, p. 41. 

”*Kl8h!: Virchow's Archlv, Bd. clxxvl, S. 260, 1904. 

Edmunds: Practitioner, Apr., 1901. 
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less than a week.” The same writer says also, however : "The 
excision of the four parathyroids only, leaving the thyroid 
proper, generally causes the same symptoms with the same 
termination. Indeed, Vassale and Generali^^® lost all their 
nine dogs in eight days; Moussu,^^^ all of his eighteen dogs 
in from two to forty-six days; Lusena,^’® all of his nineteen 
dogs in three days. Edmurids,^^® however, lost only four out 
of nine. Vincent and Jolly^®® found also that parathyroidec- 
tomy was not necessarily fatal. Be this as it may, the serious- 
ness of the procedure is self-evident; the inortality approxi- 
mates at least that which follows removal of the thyroid and 
parathyroids. 

This confirms the opinion first advanced by Glcy'®^ over 
fifteen years ago that the parathyroids are decidedly the most 
active organa of what he has termed the "thyroid apparatus.^’ 
The reason for this became apparent when he found, as we 
have seen, that the secretion of the parathyroids differed from 
that of the thyroid in that it contained six times more iodine 
in the dog, and twenty-five times more in the rabbit. Although 
these relative proportions are doubtless subject to great vari- 
ations, they nevertheless suggest that the parathyroids are the 
source of the principle which endows the secretion of the 
thyroid with the greater part of its activating or rather ener- 
gizing property — probably, owing to the comparatively large 
proportion of iodine it contains. 

A striking feature concjerning iodine is its uniform pres- 
ence in organic matter in combination with sodium, potassium, 
calcium, and magnesium. In the seas it is found in abundance 
in marine plants, especially the algfc. Spring water was also 
found by Chatiii^®* to contain iodine, but not at the spring 
itself, and only in water that had followed a course strewn with 
fragments of organic matter, animal and vegetable. It is also 
present in the soil. Daubree’®® found it in the thermal waters 

Vassale and Generali: Arch. Ital. do Biol., T. xxv, p. 459, 189(1. 
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iTSLusena: ‘‘Fislo-patologia dell 'apparccchlo tiro-parateroideo,** Florence, 
1899. 

Edmunds: Jour, of Pathol, and Dact., May, 1899. 

Vincent and Jolly: Jour, of Physiol., vol. xxxii, p. 65, 1904. 

Gley: C. r. de la Soc. de biol., p. 84.3. 1891. 

«*Chatin: Cited by Trousseau and Pidoux: "Traitd do Thfirap,*’ vol. i, 
p. 327, 1875. 
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of Bourboule-les-Bains, and many mineral waters are known 
to contain it. While all waters in which iodine is present tend 
to eliminate it (hence the greater quantity of iodine at the 
sea-shore than elsewhere, and in rain-water) all living cells, 
animal or vegetable, have a marked allinity for it. That it is 
an important constituent of the living organism is shown by 
the fact that all marine animals contain more or less of it, 
the European oyster and the cod probably the largest proj)or- 
tion. Fresh-water fishes, crustaceans and batrachians also show 
distinct evidence of its presence. We have seen that our blood 
is after all but a bit of the ocean circulating in our vessels 
and that, as stated by Claude Bernard, our cells live therein as 
fishes do in water. 

Chittenden however, justly urges that ^The iodine in 
iodothyrin is certainly not active as iodine; the amount is too 
small.” How then does it act? 

Suggestive in this connection is the fact that the thyro- 
parathyroid secretion embodies not only the compounds that 
wo found in the digestive leucocytes, but also nucleo-proteid 
and adrenoxidase. 

Ten years ago, Halliburton’®® in the course of a paper on 
the internal secretions, remarked : ‘‘Among the earliest to 
investigate the proteids of the thyroid was Bubnow,’®® and to 
one of these, thyreo-proteid, Nothin’®^ attributes the activity 
of the organ. He considers that its action resembles that of an 
enzyme or unorqanizcd ferment/' In a foot-note the author 
states that “the ferment-theory is also urged by White and 
Davies.” Again : “An investigation of the thyroid-proteids 
was later made by Courlay’®® under my supervision, and his 
conclusions are as follows : The only proteid that can be 
obtained in any quantity from the thyroid is a nucleo-proteid; 
this is derived, at any rate in part, from the colloid material in 
the acini.” Halliburton says in this connection, that nucleo- 
proteid “is proteid in combination with nuclein, the phos- 
phorus-rich constituent of nuclei, but which is also found in 

Chittenden : Trans. Congr. of Amer. Phys. and Surge., vol. iv, p. UR, 

1897. 

'“Halliburton: Practitioner, Jan., 1897. 

'“Bubnow: Zelt. f. physiol. Chemie, Bd. viii, S. 1. 1894. 

'NT Nothin: Wien. mcd. Woch., Bd. xlv, S. 824 u. 872. 1895. 

1“ Gourlay: Jouf. of Physiol., vol. xvi, p. 23, 1894. 
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the protoplasm of cells” — thus proving that we are dealing 
with the compound we found elsewhere. Finally, he states 
that ^‘Hutchison“® confirms Baumann’s theory that the activity 
of the organ is accounted for by its proteid iodine-containing 
constituents; after removal of the proteids, thyroid extracts 
are of no use.” 

The last sentence shows clearly that iodine is not the only 
factor in the action of the secretion and that its influence 
partly depends upon the presence of the proteid — with which, 
as we have seen in ilic fourteenth chapter, all ferments are 
intimately combined. Notkin’s observation that the action of 
the secretion resembled that of a ferment, and the fact, shown 
by myself, that all the ferments of the organism owe their 
activity to the “ferment of ferments,” the active principle of the 
adrenal secretion — that embodied in adrenoxidasc — all point to 
the presence of the latter in the thyro-parathyroid secretion. 
Indec'd, we have seen that adrenoxidase, corpuscular and plas- 
matic, is a globulin. Now, H. Ilutcbison’’^^' states that the col- 
loid consists of two proteids: “One of these, which makes up 
hy far the larger part of the secretion, resembles closely in its 
behavior the class of proteids spoken of as globulins; the other 
is a nucleo-proteid,” Ho also’®* found that besides containing 
pho.sphoru8 and being rich in iodine, the colloid contained 
sulphur, an element which, as stated by Gamgce*®* in reference 
to haemoglobin, “belongs to the albuminous part of the mole- 
cule,” i.e., to adrenoxidase. The iodine is evidently hound up 
with the latter, for Baumann’®^ found his iodothyrin in the 
albumins of the gland as ^^ihyvo-iodoglobulin or thyro-todoaZ&M- 
mm.” Oswald*®^ also isolated a body he termed thyreoglobulin, 
which constituted about 10 per cent, of the gland and contained 
14.3 per cent, of iodine and which was found to increase meta- 
bolism, and nitrogen excretion, etc. 

Briefly, the thyro-parathyroid secretion dilTers only from 
the proteolytic triad distributed by leucocytes to all the cells in 
the organism, in that it contains iodine — 9.3 per cent, in Bau- 

Hutchison: Brit. Med. Jour., Mar. 21, 1896; Jour, of Physiol., vol. xx, 
p. 474. 1896. 

R. Hutchison : Practitioner, April, 1901. 

II” Hutchison: Jour, of Physiol., vol. xx. p. 474, 1896. 
iw Oamgee: Schafer’s “.T. B. of Physiol.” vol. 1, p. 202, 1898. 

>w Baumann: Loc. cit. 

Oswald: MUnch. med. Woch., Bd. xlvi. S. 1073, 1899. 
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mann’s thyroid in, 14.3 in Oswald's thyreoglobulin — closely 
bound up with adrcnoxidase. As Chittenden says, iodine is 
certainly not active as such. In fact, Toepl'er^'*"’ has sliown that 
one ounce of sheep’s thyroid contains but 0.009 (V? grain) oT 
this halogen. The foregoing facts point to its mode ot* action, 
viz., that of a “ferment’^ as stated by Nothin — a triad, from my 
point of view, in whicli iodine plays the part of preferment. 

What is the physiological action of this iodine triad or 
“ferment”? 

Ijevcne,^‘“‘* Justus/**' and others found iodine in practi- 
cally all tissues. Cley*”'* held that the iodine found in the thy- 
roid is derived from the blood, his researches liaving shown 
that the red corpuscles stored it. We have seen, however, that 
iodine is not taken u[) by these cells, but, as observed by 
Labbe and Lortat- J acob, by leucocytes. The phenomena of 
iodophilia also sliow that these cells arc prone to absorb this 
halogen. Its presence in the red corpuscles, however, when con- 
sidered in the light of my views, Ts subject to an interpretation 
other than that advanced by Gley : — 

In the preceding chapter, we followed the secretions of 
the thyroid and parathyroids to the heart, wliere they entered 
the general venous circulation jointly, and thence to the pulmon- 
ary alveoli. In the first three editions^'*** I submitted data which 
had led me to suggest that the eosinophilo leucocytes (which arc 
often found in the sputum in asthma, tuberculosis, etc., and are 
thought by various authors to take part in the formation of 
the alveolar epithelium'-^*') built uj) haMuoglobin — its iron-con- 
taining portion, haunatin — witli iron doiivcd from the intes- 
tine, and carried it to the pulmonary alveoli. .Here, I held, 
the cells secreted their product into tlie adjacent plasma, where 
it was “absorbed by the underlying red corpuscles along with the 
oxygenized secretion” of the adrenals, ie,, adrcnoxidase. I 
was not aware at the time that the cosinophiles had already been 
associated with this function by Hayorn, who described them as 
the “hamioglobinic cells.”-”^ Under these conditions, the pro- 

'“Toopfer; LancGt, Mar. 7. 1896. 

'“•Levene: Arch, of Neurol, and Psychopath., vol. 11, p. 571, 1899. 

‘“^.lUBtua: Virchow's Archlv, Bd. clxxvi, S. 1, 1904. 

^“Gley: Semalne m^d., May 25, 1898. 

Cf. vol. 1, p. 716, In the first throe editions. 

^Lenhartz: “Clinical Micros, and Chem.," transl. by Brooks, 1904. 

^^Hayem: Cited by Lcvadltl: Lor. rit., p. 36. 
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cess through which the thyro-parathyroid secretion enters the 
red corpuscles is self-evident: being likewise present in the 
plasma underlying the aveoli, it is absorbed with the haamo- 
globin and its albuminous moiety, adrenoxidase, and dis- 
tributed witli tlie latter Ihroughout the body. Hence the secre- 
tion is distributed by the red corpuscles to all cells and to the 
plasma itself. 

The marked influence of the thyro-parathyroid secretion 
on metabolism suggests that it is more potent in the vital pro- 
cess than adrenoxidase itself. 'Hiat such is not the (;asc, how- 
ever, is shown by the fact that removal of the thyroid and para- 
thyroids does not always cause death. We have seen that 
Edmunds lost but four out of his nine dogs. Vincent and 
,rolly‘^®“ were also led experimentally to conclude that ^^it can- 
not be truly said that either thyroids or parathyroids are essen- 
tial for life, since it is frequently possible to remove either 
or both without causing death,’’ although they fully recognize 
‘^as others have done, that fatal results, when they occur, are 
not due to injuries to surrounding structures accompanying 
the surgical interference, but must be referred to absence of the 
glands in question.” Again, if the thyro-parathyroid secretion 
were the chief factor in sustaining the cellular interchanges, 
removal of the pituitary body or of the adrenals would only 
give rise to trophic disorders and seldom if ever prove fatal ; 
whereas, in the great majority of instances, death occurs within 
a few days. 4'his fact in itself, however, affords a clue to the 
role of the secretion. As a large number of experiinents have 
shown, carnivorous animals are readily killed l)y thyro-para- 
thyroidcctomy while many herbivorous animals survive. More- 
over, il carnivorous animals are fed on milk only, after the 
operation, the post-operative life is greatly prolonged. Tt is 
plain, therefore, that the infliumce of the thyro-parathyroid 
secretion is connected in some way with toxic wastes (which 
are proportionally much greater under a meat diet than under 
a vegetable diet) and that this influence is exercised not only, 
as we have scon, upon the cellular elements of the anterior 
pituitary, but upon all colls. 

The close association- of the thyro-parathyroid secretion 

““Vincent and Jolly: Jour, of Physiol., vol. xxxli, p. 65, 1904. 
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will! adrenoxidase, which led Oswald to term the thyroid secre- 
tion ^^thyroglobnlin,” corresponds with a constituent of the 
blood to which I have referred to in the preceding volume, viz., 
Sir A. "R. Wright’s ''opsonin/' a substance which renders micro- 
organisms vulnerable to phagocytes. 

Denys and Leclef/®® in 1895, showed experimentally that 
leucocytes were able to ingest bacteria only after the latter had 
been prepared, so to say, by the action of some substance in the 
blood-plasma. Thus, while the blood of a normal rabbit failed 
to destroy the streptococcus pyogenes, that of a vaccinated rab- 
bit delayed the multiplication of these germs and sometimes 
destroyed them. Such a rabbit could stand with impunity a 
dose of streptococcus sufficient to cause erysipelas in a normal 
animal. Now, leucocytes from the latter, though unable to 
destroy streptococci, destroyed actively these germs in the blood 
of the vaccinated animal, while blood from the latter, when 
added to that of a normal animal, also caused the leucocytes of 
this animal to become energetically bjicterieidal. This shows 
plainly that the plasma of a vaccinated animal contains a sub- 
stance which either increases the vulnerability of the germs 
to phagocytosis or the activity of the phagocytes. Two years 
later, Mennes-^'* noted that the immunity conferred on guinea- 
pigs with toxins or pneumococcus cultures was due to a change 
in their serum which increased markedly the activity of phago- 
(jytosis, tliough the phagocytes themselves were not directly 
influenced. Wright and 'Douglas-®® termed this substance 
“opsonin” and showed that it was a constituent of the serum 
or plasma. They likewise concluded that it prepared the bac- 
teria for phagocytosis without acting on the leucocytes. Neu- 
feld and Rimpau^®® also found in the plasma a substance which 
“sensitized” bacteria without influencing the leucocytes. Viru- 
lent streptococci and pneumococci which failed to be ingested 
by the latter when they had been previously treated to anti- 
streptococcic serum, were immediately taken up by these cells 
when the germs had themselves been treated to this serum, 
though the leucocytes had not. Many other experimenters have 

"•Denys and Leclef: “La Cellule,** T. xl, p. 198, 1895. 

"•Monnes: Zelt. f. Hyg., Bd. xxv, S. 413, 1897. 

"•Wright and Douglas: Proc. Royal Society, vol. Ixxll, p. 357, 1903. 

"•Neuield and Rlmpau: Deutsche med. Woch.,, Bd. xxx, S. 1458, 1904. 
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confirmed these observations without, however, throwing light 
upon the nature of the process. Moreover, as recently stated 
by Potter, Ditman and Bradley:-"'^ “Up to the present time 
very little has been determined concerning the source of the 
opsonins,” and, referring to the above-named investigators, 
they state that they have all shown that “the opsonins exist 
in the blood serum and not in the leucocytcs.^^ 

This affords a first point in which opsonin corresponds with 
tlic thy ro-para thyroid secretion : being stored in the red cor- 
puschis it is secreted with the adrenoxidase to which it is linked, 
and thus becomes a constituent of the plasma. 

Again, Bordet, as is well known, termed substance sensU 
hilisatrice or “sensitizing substance’^ and Gruber preparator or 
“preparing substance” (Mhrlicli^s amboceptor) a body which 
rendered bacteria, red (corpuscles, or any kind of cell in fact, 
vulnerable to the destructive action of Buchner’s alexins 
(Ehrlich’s complement). Now, in the first volume I empha- 
sized repeatedly the facet that Ehrlich’s (complement — the iden- 
tity and source of which he has so far failed to show — was the 
intra-lcucocytic trypsin, i,e., the proteolytic triad. 

This affords thrccc more facts whicch liarmonizc with my 
interpretation, and with experimentally established data con- 
cerning opsonins, since the “semsitizing” substance is shown 
to affcHct the bactccria; to do so without influencing the leuco- 
cytes; and finally, to prepare the bacteria for the phagocytic 
leucocytes. 

A fifth confirmatory point is available in that, precisedy 
as is the case with the substance sensibUisairice, which, as I stfite 
on page 735 of the first volume, “stands, without undergoing 
alteration, Imating up to fiO® to 65® C.,” Kinghorri and 
Twichell,^®** referring to the observations of Wright and Doug- 
las, state that opsonins “lose their power when heated up to 
60® to 65® C. for tem to fiftccen minutes.” 

Again, Bordet, Buchner and Gruber do not refer to the 
fact that the “sensitizing substance” is a compound body; in 
my own allusions to its liomologue, the oxidizing substance (now 
adrenoxidase) in the first volume, its heat limit is always given 

^Potter, Ditman and Bradley: Jour. Amer. Med. Assoc., Nov. 24, 1906. 

«»Klnghorn and Twlchell: Amer. Jour. Med. Scl., Aug., 1906. 
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as 65® C. Now, opsonins have led to the same error: Potter, 
Ditman and Bradley^®® state that “Savtchciiko*^® and Dean®^' 
regard certain opsonins and amboceptors as identical” — ^a 
seventh point in support of iny interpretation. 

The same authors also write, however, "Hektoen®^® regards 
opsonins as distinct from amboceptors, and in proof of his 
opinion states that under certain circumstances normal serum 
may possess lytic, but not opsonic powers, and vice versa; again, 
that immunization may give rise to opsonic, but not to lytic 
substances; and further that heat may destroy the opsonic 
power without affecting the lytic amboceptors, and vice versa. 
Thus, while opsonin for anthrax bacil.i, present in the scrum of' 
normal dogs, is destroyed by heating at GO® C. for thirty min- 
utes, the amboceptor for anthrax bacilli present in the serum of 
normal dogs is not affected by heating at 65® for thirty min- 
utes. Moreover, while the serum of white rats is normally an- 
thracidal owing to the presence of a thermostabile substance 
that is inactivated by neutralization of the serum with oxalic 
acid, the same scrum contains a thermostabile opsonin for an- 
thrax bacilli which, however, is not inactivated by oxalic acid.” 
The presence of two distinct substanctes is clearly shown in this 
quotation: (1) the substance destroyed at 60® and {2) the 
thermostabile substance. Now, as stated by Lazarus Barlow, 
Metchnikoff holds that while the thermolabilc body is confined 
in the phagocytes (his trypsic cytase), the plasma contains 
another, which is ^thermostable, resisting a temperature of 100® 
C.” We have seen repeatedly that the only substance in the 
plasma which is able to stand this temperature is adrenoxidase. 
On the whole, opsonin is not the amboceptor any more than it 
is adrenoxidase; it is a sensitizing.fcrment, destroyed at 60-65® 
C., combined with adrenoxidase, which is only destroyed at 100® 
or may even resist that temperature. 

Under these conditions, however, adrenoxidase should con- 
tain the various components of the thyro-para thyroid secretion: 
we have seen that Gley found iodine in the red corpuscles; and 
the fact that this halogen is also found in practically all tissues 

** Potter, Ditman and Bradley: Lor. rit. 

Savtchenko: Ann. de I'lnat. Pasteur, T. xvl, p. 106, 1902. 

*** Dean : Proc. Royal Society, vol. Ixxvl, p. 006, 1905. 

"■Hektoen: Jour. Amer. Med. Assoc., May 12, 1906. 

Lazarus Barlow: “Manual of Qen. Pathol.,’’ p. 369, second edition, 1904. 
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shows that it must leave these cells with their adrenoxidase. 
The blood-platelets, as I have pointed out, are droplets of adren- 
oxidasc: Schtifer-^^ states that according to Lowit^^® they con- 
sist chiefly of a ^'globulin** and that ^‘as the result of micro- 
chemical work, Lilienfeld'^** considers that they consist of 
nucleo~iirote\d'' ^riie two bodies being combined, the conclu- 
sions of both observers are justified. As we have seen that the 
main constituents of the thyroid secretion are iodine, nucleo- 
protcid and a globulin (the others, xanthin, paraxanthin, etc., 
being wastes), the correspondence between the secreted products 
of the red corpuscles and the thyroid secretion are not only evi- 
dent, but in the liglit of the facts submitted above, these sup- 
yosedly different bodies — ongimiUij derived from the thyro^ 
parathyroids — and opsonin are one and the same substance. 

This conclusion, wliich I reached in 1007, lias been sus- 
tained by the experiments of ]\rarbe“^’‘*® whi(*h showed that 
thyroid extract increased the opsonins in animals. 

Finally, Wright showed that vaccines increased the propor- 
tion of opsonin in the blood. MctchnikofT,*^^ alluding to the 
experiment of Bordet in animals injected at various times with 
the blood of foreign species, remarks: ‘^ft is the sensitizing sub- 
stance which appears in very great quantity as a result of these 
injections, von Dungern^^’* has confirmed this observation, and 
has added the interesting fact that the sensitizing substance is 
found in great excess in the serum of the injected animals.” 

The influence of the thyro-parathyroid secretion or ferment 
on the anterior pituitary body now suggests itself; it is that 
produced on all cells, deferring to the pituitary, Bohm, 
Davidoff and TTuber*^” state that ^^now and then alveoli contain- 
ing a colloid substance, similar to that found in the alveoli of 
the thyroid gland, may he observed.” Indeed, Schnitzler and 
Ewald*®® found in the pituitary body, "evidence of considerable 
iodine.” This means, in tlie light of the evidence submitted, 
that the colloid substance is a combination of the secretory prod- 

Schafer: “T. B. of Phyalol., vol. I, p. ir»n, 1808. 

2««Ldwlt: Arch. f. txper. Pathol, u. Pharmak., Dd. xxlv, S. 188, 1888. 

**• Llllenfeld: Arch. f. Physiol.. S. 115, 1892. 

Marb6: C. r. de la SocIMfi de DIoIorIo, .Tune 13 and 20, 1908. 

Metchnikoff: “L’lmmunlt^ dans les Maladies Infccticuscs,” 1903. 

2“ von Dungern: MUnch. mod. Woch., Bd. xlvll, S. 677, 1900. 

Bfihm, DavIdofT and Huber: Loc. cit.. p. 42.3. 

Schnitzler and Ewald: Wiener klin. Woch., July 16, 1896. 
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ucts of leucocytes (including any noxious substance they may 
contain) and the secretion of the red corpuseles, i,e., adrenoxi- 
dase, including the tliyro-parathyroid ferment with which it is 
combined. The surface of the test-organ is thus not only 
swept by the current of colloid which contains any noxi- 
ous substance of whicli it must take cognizance, but it 
is simultaneously sensitized by the tliyro-parathyroid secretion 
the colloid contains. Moreover, it is kept sensitive from 
another direction, viz., through the blood circulating in its sen- 
sory elements proper, since, as f have shown, adrenoxidase cir- 
culates in all nervous elements as well as in the perineural capil- 
laries. As the thyro-jiarathyroid secretion is bound up with 
adrenoxidase, all nervous structures are kcjit sensitized by it, 
including the test-organ. The latter, unlike any other organ, 
is thus sensitized from two directions by a substance provided 
by the thyroid apparatus. Hence the morbid results observed 
when the lattcr^s functions are impaired or annuled. 

This involves the conclusion that the tissue and other liv- 
ing elements are also sensitized. Bordet’s ^^substance sensi- 
hilisatrice^^ was found by him to sensitize all cells besides bae- 
teria, even tlrc red corpuscles themselves — as is shown indeed 
by their proneness to luemolysis. 

The test-organ destined by Nature to protect the whole 
organism against disease is thus kept attuned to the highest 
pitch to carry on its all-important mission. As the morpho- 
logical homologue of the olfactory organ, it would, in keeping 
wdth the latter, fail to transmit impressions to the posterior 
pituitary and to awaken therein the secretory-motor stimuli to 
the adrenals through which cellular metabolism is sustained, 
were it not constantly stimulated. Cretinism and myxoedema 
occur when the test-organ is inadequately activated by the thyro- 
parathyroid secretion ; the organism lives, but much as does the 
plant; hence the term 'Tliomme-plante' attributed to cretins. 

Yet, we have seen that even plants and ancestral animals 
utilize iodine. Here again, however, the accumulation of cell- 
colonies gradually as the higher forms were evolved, imposed 
the need of a greater supply of the iodine — or iodine-ferment, 
the compound of which the haloid is a component in all living 
stnietures: the delicate endostyle of the Tunicata and lower 
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Chordata (see end in the illustration on page 963) gradually 
developed therefore into the thyro-parathyroid apparatus, 
remaining throughout the entire phylogenetic scale closely re- 
lated with the respiratory apparatus — the gill-bars in ancestral 
vertebrates — the lungs, as I have shown, in the higher verte- 
brates, including man. 

Sensitiveness of the cellular elements thus assumes a car- 
dinal role in the vital functions of all organisms. The reason 
for this imposes itself when the part that irritability plays in 
Nature is recalled: “Every proeess of stimulation requires 
two factors,” writes Verworn/'*^^ “a stimulus and a body that is 
irritable. If the two factors come into (jorrelation there results 
a phenomenon of stimulation, a reaction.” The muscular con- 
tractility which will cause detached fragments of the heart 
muscle to continue heating is but a manifestation of this kind. 
This applies as well to the skeletal muscles in function. Here, 
“the irritability depends upon the fact that great quantities 
of potential energy are accumuLated in the living substance of 
the muscle so that the introduction of only a small (piantity 
is needed to transform it into actual energy.” '^I'he poten- 
tial energy is the true source of contraction in the muscular 
mass; but the relatively diminutive proportion of energy that 
the nerve impulse adds thereto suffices to provoke coTitraction. 
Nourished by leucocytic granules (endowed with life by the 
adrenal active principle) and kept free of wastes by the hydro- 
lytic triads, the tissue-cell is eminently prepared to assume the 
sensitized state; but pending this event it is latent as a living 
entity; it lives but cannot work. Throughout Nature, bound 
up with the albumins and colloids of animals and plants, iodine 
(as I interpret its role) endows it with the capacity to react, 
i.e., with the power to functionate under appropriate stimuli. 

On the whole, the following conclusions appear warranted : 
(1) the parathyroids supply a secretion which differs from that 
of the thyroid only that it is richer in iodine and far more 
active; (2) the secretions of the thyroid and the parathyroids 
being mixed before reaching the lungs, they constitute, physio- 
logically, but one substance {Z) the thyro-parathyroid secre- 
tion is a ferment-like compound of iodine^ nucleo-proteid adren- 

“Vepworn: **Oeneral Physiology," Trans, by Lee, p. 353, 1899. 
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oxidase; (4) on reaching the pulmonary alveoli, it is ab^ 
sorbed by the red corpuscles along with adrenoxidase, becomes 
part of the latter, and is distributed with it to all parts of the 
organism, including the blood; (5) its physiological function is 
to sensitize all cells and cellular elements, physiological or path- 
ogenicj whether in the tissues (including the nervous system) 
or in the blood (including its digestive leucocytes or phago^ 
cytes), and thus to render them vulnerable to the action of the 
hydrolytic triads or ferments** they — the tissues, plasma and 
leucocytes — contain; ((>) the nervous elements of the pituitary 
body, including those constituting the test-organ, being, like all 
other cellular elements, the scat of metabolic exchanges, they 
are likewise sensitized by the thyro- 2 )arathyroid secretion and 
their functional efficiency, i.e., the vigor with which they react 
to sensory impressions and initiate motor stimuli, is commen- 
surate with the degree of sensibility thus conferred upon them; 
(7) when the test-organ is adequately sensitized, the intrinsic 
metabolism of its elements is sufficiently active' to sustain the 
secretory activity of the adrenals, and therefore the vital pro- 
cess itself up to the normal physiological standard; (8) when, 
conversely, it is inadequately sensitized through deficiency or 
qualitative impairment of the thyro-parathyroid secretion, the 
adrenals are insufficiently stimulated to insure normal oxygen- 
ation, the vital process and therefore all functions are ren- 
dered correspondingly torpid — a condition ivhich entails cretin- 
ism in the child and myxwdema in the adult. 

Hereafter I will refer to the thyro-parathyroid secretion as 
thyroiodase. 

TIIK INTERNAL SECRETIONS AS THE BODY’S AUTO-PROTEC- 
TIVE SUBSTANCES AND AS THE FOUNDATION OF 
RATIONAL THERAPEUTICS. 

In his Ilerter Lecture at Johns Hopkins (1906), Sir A. E. 
Wright gave a resume of his valuable researches and of those 
of his associates, Hrs. Eoss and Douglass, upon the role of the 
"opsonins.” These were referred to as newly found substances 
which rendered various bacteria susceptible to the phagocytic 
action of the leucocytes. After dividing the immunizing con- 
stituents of the blood into opsonins, bactericidal (bacteria-kill- 
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ing), and bacteriolytic (bacteria-dissolving) substances, opson- 
ins and agglutinins, and grouping them under the term ^T)acte- 
riotropic substances,” the lecturer referred to them as the nat- 
ural immunizing constituents of the body. He had found, 
moreover, that when a given virus was injected into the blood, 
these bactcriotropic substances increased in amounts, in propor- 
tion, to a certain extent, with the quantity administered. 

Three years ago, in an address before the Chelsea Clinical 
Society of Ijondon, Sir A. E. Wrighf-^^^ stated that while their 
origin in the body tras ludmotvn, ‘^all the protective substances 
which were involved in the cure of disease were to be regarded 
as produced hy internal secretion.” Alluding to various disor- 
ders, including tuberculosis, in which “the blood was deficient 
in protective substances,” he hold that if they [pathologists, 
J presume] “knew the laws by whicli such substances were ])ro- 
duced,” we could “call forth a production of those substances” 
in the patient. In all of some thirty cases — boils, acne and 
sycosis — wliich lie had treated by inocmlations, “there liad not 
been one of thorn in which there had not been pi’oduced enough 
of that internal secretion to enable the body to kill oft* the 
staphylococcus,” while “fiationts with tubercmlosis recovered if 
they produced enough of the internal secretion to render their 
bodies uninhabitable by the tubercle bacillus.” He held, more- 
over, that “it should be recognized that chronic or local infec- 
tion was a symptom of defective internal secretions, and that 
those secretions could be elal;oratcd in the l)ody when there was 
youth, strength and health, by tlie application of the appro- 
priate stimulus given in pi-oper quantities.” 

Now, a year earlier, 1 had pointed out in the first volume 
of the present work^^** and elswhere,®“* that the blood’s immu- 
nizing bodies^^s internal secretions of the ductless 

glands and formulated the principle that “the power of the 
organism to antagonize the constitutional effects of pathogenic 
germs, their toxins and other poisons, is directly proportionate 
to the functional efficiency of the adrenal system,” the latter 
being composed of the thyroid gland, the anterior pituitary and 

sir A. B. Wright: nrlt. Med. Jour.. Mar. 19, 1904. 

PP- to 751, In the flrat three editions. 

Jour Mar^^' Cyclo. of Pract. Med., Jan., March., 1903; Phlla. Med. 

““Cy. vol! i, p'. 765, In the first three editions. 
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the adrenals. I laid stress, at the time, on the fact that^^® ^^all 
forms of vaccination endow the inoculated subject with en- 
hanced activity of the adrenal system, and, tlicrefore, of all 
structures which take part in the de Tense of the body” and 
ascribed the immunizing influence of Pasteur’s method against 
hydrophobia, vaccination against small-pox, the eflects of Coley’s 
mixture of erysipelas and bacillus ])rodigiosus toxins in sar- 
coma, Koch’s tuberculin, etc., to this process. I repeatedly 
emphasized the fact that the cure of disease should be con- 
sidered as produced by internal seifretions, that bacteria could 
not live where the immunizing substances were i)resent in sufli- 
cient quantity, etc. That Dr. Wright’s researches have con- 
firmed my conclusions is self-evident. 

That he should be unable, however, to point to the source 
or identity of the immunizing bodies is but normal. Klse- 
where^^^ I had occasion to write: ^^Pathologists will continue 
to work in tin? dark, as they have now been doing several years, 
until they realize that the very few substances, to which various 
names have been given: Buchner’s alexins, Ehrlich’s comple- 
ment, Metehnikoll’s eytase, Ehrlidi’s intermediary body or 
amboceptor, Bordet’s sensitized substance, etc., are internal 
secretions in the true sense of the word: products of duct- 

less glands/* To this series, as shown in the preceding section, 
‘^opsonin” is also to be added. 

What is, under these conditions, tlie nature of the immu- 
nizing substances that appear in the blood under the infliumce 
of toxins? 

In the light of the evidence previously adduced, when a 
poison ordoxin appears in the blood, a fraction of the poison 
will reach the pituitary body (with the plasma or with the 
leucocytes) and, if the dose be not exc^essive, it will excite the 
test-organ and provoke a protective reaction in the body at 
large. This reaction l)eing produced through the adrenals, the 
first substance to appear in the blood is of course adrenoxidase. 
As this entails increased oxygenation of all organs, their secre- 
tory and formative activity is augmented; as a result of this, 
the pancreas produces more trvpsi nogen. The leucocytogenic 


Cf. vol. I, p. 7fir> et wq.. In the first throe editions. 
^ Sajous: Monthly Cyclo. of Pract. Mod., Apr.., 1904. 
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organs create more leucocyt(?s — mainly ncutrophiles and eosino- 
philes. 'J'his double leiicocytosis was noted by Muir,^^® who 
remarked, as a result of his observations, that “whether they 
act as direct phagocytes or indirectly, the cosinophiles evidently 
play an important part in the defense of the body.” As I 
interpret the role of these cells: they migrate from the iodine 
reserves (the bone-mnrrow) to the thyroid and parathyroid 
glands, to hasten the formation of the sensitizing secretion of 
these glands. ^Phis secretion being taken up by the red cor- 
puscles in the lungs, the blood-f)lasina receives the first of its 
“immunizing” substances, viz., adrenoxidasc, bound up with 
the sensitizing thy ro-para thyroid secretion. Now, this identical 
combination is a prominent factor in all the experimental work 
recorded by pathologists, as the following cursory review of this 
research will show. 

Adrenoxidasc plus sensitizing suhstance. Adrenoxidasc, as 
we have repeatedly seen, is only destroyed at 100° C., while the 
second substance, opsonin, is, according to Wright and Eo s, 
destroyed at from 00° to (55° C. Now, Metchnikoir,^^" ps pre- 
viously stated, refers to the presence of the thermostable 100° C. 
substance as “circulating in the blood-plasma” as PfeifferV 
“specific immune body.” On the other hand, the latter, wh eh 
has also been termed “amboceptor” by Ehrlich, “substance sen- 
sibilisatrice” by Eordet, “copula” by Mctchnikoir,- “desrnon” 
by Muller, etc., is destroyed at (55° 0. This paradoxical fact 
finds an explanation in the presence? of two substances, adrenoxi- 
dase and the sensitizing substance, the more readily observed 
phenomena being carried on by the latt(?r because of its 
destruction at the lower temperature. 

Still, if this be true, both these bodies should originate 
from the red corpuscles: Metchnikoff clearly differentiates the 
100° thermostable substance as a constituent of the plasma 
from other substances, referred to below, which originate from 
leucocytes. More clearly specified in this particular, however, 
is the source of the sensitizing substance or immune body. 
While Eordet and von Dungern^®® held that the red corpuscles 

2® Muir: OlaRgow Mi>d. Jour., Jan., 1905. 

Metchnikoff: Cited by X«azarus Barlow: hoc. cit., p. 469. 

2*^ von Dungern: MUnch. mfd. Woch., Dd. xlvl, S. 405, 1899: Bd. xlvll, 
S. 667. 962. 1900. 
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excited the production of this substance, Nolf*®^ showed that it 
was a product of these cells. The role of this substance is evi- 
dently that ascribed by myself to the tliyro-parathyroid secre- 
tion, and by Wright to the ^^)psonin,” for, as stated by Wasser- 
niann,*®^ according to Bordet, ^^the substance sensibilisatrice 
plays the role of mordant. It makes the blood-cells [and also 
bacteria, toxins, wastes, detritus, etc., I should add] vulnerable 
to the alexin, so that the latter can attack the cells and dissolve 
them.” 

This brings us to the next stage of the defensive process: — 
Phagocytosis, carried on by the intracellular digestive triad, 
trypsin. A multitude of neutropliilcs arc now present in the 
circulation ready to ingest and digest the sensitized bacteria, 
toxins, cells, wastes, etc. — Mctclmikoft’s phagocytes. We have 
seen repeatedly that they contain what I have termed the ^^diges- 
tive triad,” viz., trypsinogen, nuclein, and adrenoxidase, which, 
combined, constitute the ferment trypsin. Charrin and Leva- 
diti,^®*’ von Zaremba^®^ and others have demonstrated the 
digestive activity of pancreatic juice on bacteria and toxins; 
MetchnikoflP, Arthus, Mouton^®® and others found trypsin in 
leucocytes. Moreover, the labors of l^ordet, Met(‘hnikoir, Ehr- 
lich and Morgenroth have demonstrated that the destruction 
of bacteria, etc., was due to the presence in tlie phagocyte of a 
digestive substance. ^‘This substance, a sort of digestive fer- 
ment,” writes M. Labhe, ‘^attacks and destroys the cells and 
bacteria that are sensitive to its action; thanks to it, patho- 
genic elements arc destroyed within the leucocytes.” As is 
well known, the eflicicncy of phagocytic protection is proportion- 
ate with the relative number and activity of the phago(;ytes 
present, and if these cells increase promptly in the blood, they 
soon dispose of the bacteria; conversely, if the latter arc too 
numerous, or too virulent, the phagocytes arc ovcrwlndmed, 
partly by bacterial toxins, and general infection occurs. Phago- 
cytes, therefore, owing to the digestive triad they contain, play 
a leading part in the defense of the body, in accord with Metcli- 
nikoff’s doctrine. 

Nolf; Ann. dc I'Tnst. Pasteur, vol. xiv, pp. 297, 492, 1900. 

Wassermann : “Immune Sera,” Transl. by Dolduan, p. 6, 1904. 

*** Charrin and Levaditi; Semaine m#d.. Mar. 22, 1899. 

*“*von Zaremba: Archlv f. Verdauungskrankheiten, Bd. vl, S. 403, 1900. 
“*Mouton: Ann. de I'lnst. Pasteur, T. xvl, p. 457, 1902. 

**• M. Labbd; “Le Sang," p. 44, Paris, 1902. 
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The third stage of the auto-protective process is now in 
order; the appearance in the blood of : — 

The digestive triad as the bacloriotgtid cOristituetii of the 
plasma. While Pfeiffer, Fodor, Nuttall and others found that 
the blood-plasma possessed bactericidal properties, Buchner and 
Hankin isolated the active substance, and termed it “alexin/’ 
As stated above, this is the trypsic body, or digestive triad which 
destroys bacteria within the phagocytes. The experimental 
demonstration by Bordet, Mctchnikoff and others that the 
phagocytic alexin was a trypic ferment is further sustained 
by Buchner’s own labors (1899), whicli showed that there existed 
a close connection between the leuco(iytes and the presence of 
alexins in the plasma. Buchner showed, moreover, that alexins 
were derived from leucocytes, a conclusion sustained by the 
investigations of Bail, vSehattenfroh and otlujrs, and now gener- 
ally accepted. As to the manner in which alexins leave the leu- 
cocytes, Mctchnikoff and Gcngoii have held that they were lib- 
erated by breaking up of the cell. We have seen, however, 
that this view can no longer hold. Indeed, Buchner showed 
that they w'ere secreted by the cells, a conclusion sustained by 
Ehrlich’s investigations and those of other observers. On the 
whole, it is evident that while leucocytes use their intracellu- 
lar trypsin to digest the bacteria they ingest, and, as I have 
pointed out, convert them into nutrient granules which they 
carry to all tissue-cells; they can likewise secrete their digestive 
triad or trypsin with their granulations, into the plasma, thus 
endowing the latter w’ith its bactericidal property. The inter- 
relations of these various substances in the blood will be referred 
to in the next chapter. 

From start to finish, therefore, it becomes possible to 
account for the auto-protcctive or “immunizing” process in dis- 
ease by means of substances derived from the ductless glands: 
adrenoxidase, the thyro-parathyroid seerrtion, and the pancreatic 
internal secretion.^*’^ Even the phagocytes w'hich utilize the 
latter arc ductless glands, since they also secrete their bacterio- 
lytic substance in the blood. Moreover, one salient fact has 
asserted itself, viz., that the intra-phagocytic and plasmatic bac- 
tericidal and antitoxic triad is the identical one which, as I 


Cf. this vol., p. 85A 
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have pointed out, fulfills the cardinal function In the vital 
prOCOBs with the adrenal active principle as the chief factor. 
Here, again, the paramount influence of this principle prevails, 
since it is to its identity as the ferment of the bactericidal fer- 
ment, Le., as a catalytic, that it can protect tlic body whose life 
it serves to initiate and sustain. 

Wright’s Subdivision of the ^fiiacteriotropic substances” into 
bactericidal and bacteriolytic bodies, opsonins and agglutinins, 
may bo reduced to three, under these coiiditions, since a patho- 
genic organism is necessarily killed by the trypsin whether In the 
phagocyte or in the blood-stream, as they are in the intestinal 
canal, viz., the digestive triad, trypsin, the thyro-parathyToid 
secretion, opsonin, and agglutinin. 

We are left, however, with an unknown quantity: ^^agglu- 
tinin.” What are the nature and inode of action — ^both 
tinknOwn“of this substance? 

As interpreted from my standpoint, agglutination is tht 
Initial phenomenon of bacteriolysis, and is also caused by the 
thy ro'para thyroid secretion. It is a coincident phenomenon 
of, or succeeds the sensitization of pathogenic organisms or of 
any substance to be dissolved by the digestive triad in the 
plasma. Clumping and digestion of the red corpuscles — luemo- 
lysis — are due to the same factors, these cells sharing the fate 
of the bacteria when the digestive activity of the plasma becomes 
excessive. 

I'hc landmarks of the thyro-paraihyroid secretion ari^ 
readily traced in the experimental history of agglutinin. Thus 
the temperature at which the latter is destroyed is the same. 
Wassermann,-^** for instance, writes: ‘‘The agglutinins are 
fairly resistant substances which withstand heat to GO® C., and 
lose their power only on heating to G5° C. It is possible, 
therefore, to make a serum liaBinolytically inactive by heating to 
55° C., and still preserve its agglutinating power.” It is not 
to adrenoxidase alone that it is due, since the latter is only 
destroyed at 100° C. ; nor can it be the digestive triad which is 
destroyed at 55-5G° C. On the other hand, G0° to G5° cor- 
responds with opsonin, which, as we have seen, is the parathyroid 
secretion. Its intimate functional relationship with adrenoxi- 

WasBermann : Loc. cit., p. 36. 
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daso is also suggested by the fact that Baumgarten*®® was led 
experimentally to conclude that agglutinin and Plhrlich’s com- 
plement (adrenoxidase) were identical, while Bordet and von 
Dungem held that lueinolysins might originate from the red 
corpuscles. Again, we liavc seen that it was in the lungs that 
the thy ro-para thyroid secretion was taken by the plasma and 
red corpuscles: Deutsch found that the lungs of non-immun^ 
ized guinea-pigs were the only organs which exceeded in agglu- 
tinating activity that of the blood-plasma, and therefore of all 
other body fluids. 

The presemee of agglutinin in plants suggests the active 
agent in the process, h’icin, obtained from the castor-bean, is 
very active in this particular, as arc abrin, the phillin of mush- 
rooms, and other plant albumoses. All plants containing more 
or less iodine, oxidases, and nuclein, as we have seen, the con- 
ditions therein arc such as to permit the elaboration of an 
iodine-ferment (which may be very jiowerful, as in the plants 
mentioned) very similar, in its chemical properties, with those 
of the thyro-parathyroid secretion. This involves the conclu- 
sion, however, that iodine (the main active agent of the secre- 
tion and of the vogetdble compound corresponding with it) 
should like ricin, abrin, etc., produce luemolysis: ^Todine,^^ 
writes Cushny,^^® ^h's said to dissolve the red blood-corpuscles 
when it is brought in contact with them outside the body, and 
to form a combination with luemoglobin.” The corpuscles 
themselves and the plasma in which they bathe affording the 
other constituents for the formation of an iodine ferment, the 
effect is the same as if an energetic blood hjcrnolysin had been 
used. Exception has been taken to Ehrlich’s suggestion that the 
agglutinin of plant albumoses (phallin, ricin and abrin) was 
the same substance as luemolysin; his view is perfectly war- 
ranted, however, since, as stated above, plants contain not only 
the iodine ferment, but also trypsin, etc., to follow up agglu- 
tination with digestion, i,e., haemolysis. Indeed, Baumgarten 
found that partial haemolysis of the red corpuscles occurred 
after they had been agglutinated with ricin and abrin when the 
mixture was energetically shaken. 

"■» Baumgarten: Berl. kllii. Woch., Bd. xxxvill. 8. 1240, 1901. 

«®Cusbny: “Pharmacol, and Therap.*’ third p, 519. 1899. 
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That agglutination is a precursor of hiumolysis is A recog- 
nized fact. 'I'lius, Bordct^* * * **** ^ found that ‘^agglutination of the 
red corpuscles occurs previous to their solution/^ that “the sol- 
vent power of the specific hajinolysins depended on the combined 
action of two constituents of the specific serum,” and, moreover, 
that “when the fresh hajmolytic serum was warmed for half an 
hour at 55° C., it lost its power.”* That both the amboceptor 
(adrenoxidase) and the complement (the digestive triad) are 
necessary for the production of hajmolysis has in fact been dem- 
onstrated by Ehrlich and Morgenroth.^^^ All the more recent 
investigations have not only served to confirm these funda- 
mental features of the problem, but they have sustained P]hr- 
lich’s view that hajmolysis is a fermentation process analogous 
to digestion. This applies as well to bacteriolysis, as is well 
known. Agglutinin stands out prominently as an independent 
substance in this connection, since it docs not itself immunize. 
Durhanr"*^ found that the presence of large quantities of agglu- 
tinins in the blood of animals did not prevent death from infec- 
tion. It is plain, therefore, that agglutination is but an initial 
phenomenon of the immunizing process. 

^rhe identity of agglutinin as the thyro-parathyroid secre- 
tion thus asserts itself in various ways. The two bodies cor- 
res|X)nd : as to the temperature at which their action ceases, 
(50° to (55° C. ; their source in the ])lood-stream, the lungs; the 
identity of tlndr main active agent, iodine; their mode of dis- 
tribution, the red corpuscles; and finally, their sensitizing prop- 
erty. Having shown in the preceding section that opsonin was 
also the thyro-parathyroid secretion, it is i)lain that opsonin and 
agglutinin likewise represent the one siibstaruH'. 

Ileturning to Wright’s subdivision of the “bacteriotropic 
substances” of tlu; blofid into four bodies, it has become evi- 
dent that we need only take two into account, viz., the thyro- 
parathyroid secretion (opsonin, ag^zlutinin, substance sensibili- 
satrice) cand the digestive triad (trypsin, cytase, alexin, com- 

* The experiments of several investigators to determine the part taken by 

the red corpuscles in agglutination and hfpmolysis arc rendered valueless by 
the fact that, unlike Bordet, they failed to use fresh serum or exposed the latter 
or the corpuscles to contact with substances which annulled the activity of 
their secretion. ~S. 

Bordet: Cited by Wassermann: Lor. rit, p. 3. 

**** Ehrlich and Morgenroth: Berl. kiln. Woch., Bd. xxxvil, S. 681, 1900. 

“•Durham: Brit. Med. Jour., Sept. 3. 1898. 
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plement, etc.). Adding thereto phagocytosis, we have the three 
active factors of the iininunizing process which are brought into 
action when bacteria, i.e., their toxins or endotoxins, or any 
other poison capable of exciting the test-organ of the pituitary 
body, enters the blood-stream. 

Ill the first volume, over four years ago, I advanced the 
view that a poison or toxin capable of stimulating the adrenal 
center, /.(?., the test-organ, ])rolected the organism by increasing 
the proportion of immunizing substances in the blood, and that 
various diseases develo])ed because of the deficiency of such 
substances. Wright’s researches have demonstrated that during 
infection by certain bacterial species, the proportion of ^^bac- 
teriotropic substances” is below normal, the ])atient’s blood 
being then in what he terms the ‘^negative phase,” while — and 
this is the most important result of bis valuable researches — 
by means of bacterial vaccines, tub(‘rculin, etc;., judiciously 
employed as to (piantity and intervals between the doses, the 
immunizing substances can be so increased in tbe blood that 
they exceed greatly the normal limits. I’his raises the patient’s 
defensive ])owers to such a degree, r.c., brings them up to the 
“positive |)hase,” that the invading bacteria and toxins are more 
or less promptly destroyed. 

Wright, however, found that great ])recautions were neces- 
sary. By what he terms the “opsonic index,” i.e., the average 
number of bacteria taken up by each l(‘ueo(;yte, he is able to 
gauge the proportion of bacteriotropic substances in the blood. 
He observed also that while inoculations cause the “bacteriotropic 
pressure” to rise, the latter tends constantly to return to nor- 
mal. I'his imposes the need of regulating carefully the inter- 
vals between the doses in order to keep tbe bacteriotropie activ- 
ity of the blood above normal — a fact which in itself imposes 
the need of frecpiently (?xamining the b'ood. ^Fhe use of large 
doses in no way tends to sustain the blood’s immunizing power; 
experience has shown that these arc dangerous, particularly in 
the negative phase, and that they may even cause death. Again, 
Wright^^* refers to what he terms another “serious aspect of 
the question” as follows: “Here is an inoculation after which 
the resisting pow(‘r runs down ; but after a time it rises and 

Wright: Canadian Practitioner and Rev., Nov., 1506. 



INTERNAL SECRETIONS IN IMMUNITY AND THERAPEUTICS. 1109 

the patient is re-inoculatcd with a large dose; the resistance 
goes down further, and before he can recover another dose is 
given and the resistance goes down still further. So anybody 
can inoculate with successive doses and reduce the resisting 
power to anything lie likes. It is quite easy by tliis method to 
reduce the resisting power of the blood enormously.” 

In the first volume and elsewhere,-^® I laid stress on the 
importance of recognizing the two phases of action to which 
Wright refers. I wrote at the time that ^Hhe majority of drugs, 
toxins, physiological toxalburnins, etc., slirnulated the adrenal 
system when the proportion of those agents in the blood did not 
exceed a certain limit, and that when this limit vms exceeded, i.e., 
when the dose administered, or the amount of toxins secreted by 
bacteria, etc., was excessive, it either inhibited or arrested the 
functions of this system.” Briefly, the observations of W’^right 
are clearly accjounted for when the functions of the test-organ 
and the adrenals are taken into account: Each toxin or dru(j 
capable of exedting the test-organ can raise its functional activ- 
ity tip to a certain limit; beyond this it paralyzes its functions 
whether the dose administered be excessive or whether it be 
given in smaller doses too frequently, thus leading to cumu- 
lative action. 

The result in both cases is either gradual or sudden adrenal 
insuflicicncy with its consequences: more or less rapid diminu- 
tion of adrenal secretion, i.e., of adrenoxidase. This means 
that the protective or immunizing substances, which arc simul- 
taneously the life-sustaining constituents of the body, are quan- 
titatively inadequate. The auto-protective functions always 
working hand in hand with the vital processes, the general 
symptoms of poisoning invariably include, as I have already 
pointed out,^‘‘® those that follow removal of the life-sustaining 

organs, the pituitary and the adrenals, viz., marked adynamia, 

hypothermia, lowered vascular pressure with weak and small 
pulse, dyspnoea, cyanosis and convulsions, — the number and vio- 
lence of the symptoms depending iqion the extent to which the 
functions of the test-organ are inhibited. 

In the first volume^^^ I wrote: ‘^Artificial immunization 

2^SaJous: Phlla. Mod. Jour., Mar. 7, 1903. 

Cf. vol. I, p. 773, in the first three editions. 

Cf. vol. 1, p. 764, in the first three editions. 
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means the introduction not of bacteria, but of their products: 
the toxins themselves. These do not reproduce any more than 
the alkaloids of plants reproduce; they act with more or less 
vigor upon the adrenal system, precisely as do these alkaloids or 
otlicr drugs. Indeed, if, instead of Toxins’ they were called as 
are the alkaloids, Tnedicines,’ their use would inspire no more 
fear of complications than do the former, and their true position 
in therapeutics would be accorded them.” But this refers to un- 
contani ilia ted toxins. Arc we sure that tuberculin, for instance, is 
always free of pathogenic, living, organisms? Karl von iUick,^^^ 
who can speak authoritatively in such matters, writes in this 
connection, after referring to the inconstancy of the results 
obtained with tuberculin B. : ‘TVnothcr danger from its use was 
soon shown to exist by Trudeau,-^*'^ who found living, virulent 
tubercle bacilli in the preparation, after I had myself directed 
the attention of the profession to the probability of such an 
occurrence.” 

Again the question of technique is an important one. The 
safeguards urged by Prof. Wright will surely be utilized by men 
who have acquired his skill, and insure comparative safety; but 
when we take into account the small proportion of such men 
among the hundreds of thousands of pracftitioners in civilized 
countries, and the fear of the great majority of medical men and 
their patients that the inoculation itself may prove a source of 
disease, it becomes ])]ain that pending at least the disappearance 
of these untoward circumstances, our armamentarium pharma- 
copceim should remain our standby. 

Summarizing the evidence and conclusions bearing upon 
the question T have so far submitted, the following conclusions 
seem warranted : — 

(1) Certain drugs, however introduced into the body, can^ 
by stimulating the test-organ of the anterior pituitary, increase 
the bacteriolytic and antitoxic properties of the blood; (2) the 
immunizing agencies thus increased are (a) the thyro-parathy- 
roid secretion, an iodine-ferment {now known as the sensitizing 
substance, opsonin and agglutinin) which sensitizes and softens 
pathogenic organisms, preparing these, and probably all poison- 

Karl voa Ruck: Mod. Record, Jan. 20, 1906. 

Trudeau: Medical N wa, Aug. 28. 1897. 

Karl Ton Ruck: New Orleana Med. Jour., July, 1897. 
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0 U 8 or otherwise harmful substances, broken-down cells, wastes, 
etc,, for ingestion and digestion by the phagocytes; (b) the 
phagocytes, which ingest the bacteria to digest them by means 
of their intracellular trypsin; (c) the trypsin secreted by phago- 
cytes or other leucocytes into the bloodstream and which digests 
therein what bacteria, toxins, toxic wastes and other noxious sub- 
stances are not destroyed by the phagocytes. 

Concerning the poisonous cfTccts: (3) drugs which are ca- 
pable of stimulating the test-organ and are therefore able to en- 
hance the efficiency of the immunizing substa7ices directly or 
indirectly, differ in no way in this particular from inoculations 
of bacterial cidtures, tuberculin, etc., and can only excite the 
test-organ up to a certain degree, varying more or less with each 
dnig; (4) when this limit is exceeded owing to the use of exces- 
sive doses or of small doses given in too rapid succession, poison- 
ing occurs; (5) the earlier syniptoms of poisoning are those of 
excessive activity of the drug used or of the chemical combina- 
tions it may form in the alimentary canal, the blood, the leuco- 
cytes, the subcutaneous tissues, etc; (G) sooner or later, accord- 
ing to the drug or poison, general symptoms appear which are 
common to all agents, drugs, toxins, etc., capable of stimulating 
the test-organ, viz., great weakness with flaccidity of the mus- 
cles, hypothermia, lotCered vascular pressure, rapid and weak 
pulse, dyspnoea, swarthiness^ cyanosis, convutdons (due to ac- 
cumulation of toxic wastes) and coma; (7) these symptoms arc 
due to diminution or cessation of tissue respiration, i.e., of gen- 
eral oxygenation, the result in turn of depression or cessation 
of the functions of the test-organ and of the tliyro-parathyroid 
apparatus , — owing to fa(;tors which are consich^nnl in succeed- 
ing chapters. 

With Prof. Wright I fully concur when he eont(?nds=®' that 
"we have in the power of raising the antibacterial pow(*r of tlie 
blood with respect to any invading microbe, out of all com- 
parison the most valuable asset in medicine.” But 1 hold that 
we have among the remedies that have been at our disposal 
many years, agents eminently capable of raising the bacterio- 
lytic and antitoxic power of the immunizing constituents of the 
blood beyond even the limits required to antagonize any infec- 

Wright: cited by C. P. Aaron: N. Y. Med. Jour., Dec. 1, 1906. 
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tion or any other form of toxaemia. Indeed, so intense is this 
action in the case of some of these agents that the blood-cells 
themselves are digested (haemolysis) along with the bacteria. 
The practical experience accumulated by clinicians during the 
many years — centuries in some instances — that these agents 
have been emp'oyed, and the researches of therapeutists into 
their physiological action, have given us a working field which 
it will take decades of steady labor ujxni all questions relating to 
the use of tuberculin or other bacterial products by inocula- 
tion even to approach. We need not, therefore, deprive the 
present generation of the advantages that the magnificent lore 
of our profession affords. Within our reach are weapons whose 
every part is known to all and which, in power to destroy the 
greatest enemies of mankind, are second to none — provided their 
present empirical use give way to their scientific use, viz., with 
the test-organ of the pituitary and the organs which it controls 
as the foundation of the body’s auto-protective resources. This 
binds indissolubly pharmacotherapeutics to the general prin- 
ciple of immunity — precisely the field I opemed in the first vol- 
ume of this work. We must learn to bow to Nature’s powers; 
had her mode of work — the doctrine of Hippocrates — inspired 
all researches since his time, Medicine would not only rank as 
a Science to-day, but it would exceed all other sciences in per- 
fection. 

As a final conclusion of this chapter, I would submit, there- 
fore, that imnumizing mediaition is the foundation of rational 
therapeutics. 



CHAPTPIB XVIII. 


THE INTERNAL SECRETIONS IN THEIR RELATIONS 
TO PHARMACODYNAMICS. 

THE PRESENT STATUS OF THERAPEUTICS. 

In a Presidential Address^ A. H. Hampton said recently 
(1907) : ^‘Scepticism is in the air. Even in this society, if any 
daring member has introduced a subject bearing on medical 
treatment, it has been with an apologetic air and humble mien, 
well knowing that if his remarks had any reference to the 
utility of drugs in the treatment of disease they would be sub- 
jected to good-humored banter, and received by those sitting 
ill the seat of the scornful with amused incredulity.^^ That 
the same sjiirit reigns on this side of the ocean hardly needs 
to be empliasized. Hut few years liad elapsed since Frank 
Billings, also in a Presidential Address,**^ declared that “drugs, 
with the exception of quinine in malaria and mercury in 
syphilis, are valueless as cures,” and what has been termed 
Osier’s “black, hopeless, helpless, therapeutic pessimism,” is 
quite as applicable to a large proportion of the medical men 
of our country. The present work, in fact, was begun under 
the influence of a very similar state of mind. It would be 
unfair, however, to incriminate only pharmacological knowl- 
edge on this score; pathology is quite as invalid when the rela- 
tions of cause to elfcct are scrutinized. Indeed, Lewellys F. 
Barker’s previously quoted estimate that “drugs of unknoivn 
physiological action cannot conscientiously be set to act upon 
bodily tissue in disease in which we arc ignorant of deviations 
from the normal/* exemplifies succinctly the dual cause of the 
rather ignominious position in which practical medicine finds 
itself. The contents of the foregoing chapters account for 
this: they show that functions of the first order have been 
overlooked: functions which, in pathogenesis and therapeutics, 
play the leading part, and without which these fundamental 
branches must remain inscrutable. 

^ A. H. Hampton: Leeds and West Riding Medlco-Cblrurglcal Soc.. Lancet, 
Jan. 19. 1907. 

* Billings: 64th Annual Session of the Amer. Med. Assoc.. 1903. 
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Eeferring only for the time-being to therapeutics, no 
apology is needed, therefore, if the interpretations of the phy- 
siological action of drugs I present herein differ totally from 
any yet advanced. The introduction of a series of functions 
besides, even, those of the adrenal system, viz., the various pro- 
cesses carried on by the anterior and posterior pituitary bodies 
and by the different leucocytes, the additional role attributed 
to the red corpuscles, the several blood constituents which play 
so important a part in the life process itself and the defence 
of the organism, etc., normally entails a complete transforma- 
tion of the prevailing conceptions. 

Our fund of experimental and clinical facts has not 
in the least been set aside. Indeed, experimental therapeutists 
have contributed a vast array of positive data which, utilized 
individually, i.e., irrespective of any interpretation formulated 
by the investigators themselves, and suitably grouped, afford 
a rich source of material for the elaboration of doctrines based 
only on established facts, and, therefore, poised on a sound 
foundation. It is to Horatio C. Wood that we owe mainly 
this mode of investigation, and if it has not as yet borne sub- 
stantial fruit, it is not owing to the fact that the principle is 
unsound, but because the building materials were incomplete. 
Besides the various organs enumerated above, are others, the 
functions of which have also been overlooked, Ludwig and 
Cyon’s depressor nerve, for instance, discovered by these 
physiologists in 1866. As I will show below, this nerve plays 
an important part in the self-defence of the organism against 
disease. Again, the fact that the majority of the body-func- 
tions have remained unexplained by physiologists has rendered 
it impossible to understand many phenomena provoked by 
drugs. The manner in which a motor nerve produces its 
effects, for instance, is as obscure to-day as it was fifty years 
ago. Vasodilation is a prominent feature of the action of 
drugs, and yet the manner in which it is brought about is 
absolutely unknown. As pointed out under the next heading, 
this problem is readily solved when the presence of adren- 
oxidasc in the blood-stream is taken into account. 

Again, the accumulated evidence of all the practitioners 
of Christendom for centuries is certainly of some value. As 
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Bampton states: ^^Although our treatment then, as now in 
part, may be stigmatized empirical^ it was none the less 
founded upon careful clinical experience.’^ Here also we have 
a vast array of solid data for the elucidation of the relations 
between cause and effect, t.c., of the manner in which the 
organism responds to exogenous influences. Unfortunately, 
the laboratory experimenter is too prone to ignore the teach- 
ings of clinical experieru^e, forgetting that, judged as an experi- 
ment, the use of a remedy in a given case is at least as elucida- 
tive, with the refined methods of investigation now at the dis- 
posal of the clinician, as his own. Were he to add this fund 
of information to his own resources, and scrutinize as closely 
as the protocol of his experiments the recorded results of the 
administration of the corresponding remedy in disease, he 
would soon withdraw therapeutics from the position into which 
it has undeservedly fallen, and raise it to the dignity of a 
science. 

In the various familiar drugs studied in the following 
chapters, I have availed myself — as far as space would permit 
— of these two great sources of information; besides the func- 
tions of the organs I have introduced into the various problems. 
That this plan must bo fruitful, is suggested by an important 
result reached, viz., that in the case of each drug the physi- 
ological action I submit, though differing totally from that 
now taught, explains clearhf how the disease or morbid sijfup- 
tom for which it is used is antagonized and overcome. This, 
in itself, affords strong testimony to the effect that the new 
conception of pharmacodynamics I submit is, in its general 
lines, poised on a solid foundation. 

Before study of the various agents considered in this chap- 
ter can be undertaken, however, the manner in which the vaso- 
dilator and depressor nerves produce their effects requires 
attention. 

THE MECHANISM OF VASODILATION AND ITS RELATIONS 
TO ORGANIC EGNCTION. 

The existence of vasoconstrictor nerves discovered by 
Claude Bernard in 1851, confirmed by Brown-Sequard the fol- 
lowing year, has become one of the keystones of modern ph)\si- 
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ology, and its solidity has never been shaken. The mode of 
action of vasoconstrictors is also established. We cannot say 
the same, however, of the vasodilators; the actual existence of 
a dilator center, or even of true vasodilator nerves, in fact, is 
still undetermined. 

In his summary of vasomotor actions, Foster,® for instance, 
says that ‘^therc is no adequate evidence that these vaso- 
dilator fibers serve as channels for tonic dilating impulses or 
iiifluences.^^ Landois and Stirling,^ referring to the “vaso- 
dilator center” in the medulla, state that “its existence there 
has been surmised,” and furthermore, that “the existence of 
vasodilator nerves is assumed.” In the last edition of the 
same text-book" published eighteen years later (1905), this is 
modified to the statement that, “although a center for vaso- 
dilator or vessel-relaxing nerves has not yet been demonstrated, 
the existence of such a center in the medulla may nevertheless 
be {inspected.” J. (1. Curtis® states that “it is not known 
whether a vasodilator center is present in the bulb.” The 
actual state of the question is aptly summarized by 11. C. Chap- 
man,’ when he says: “Though numerous explanations have 
been offered of the manner in which the vasodilator nerves act, 
it must be admitted that none of them are satisfactory, and 
that it is not yet understood how their stimulation causes 
dilatation of the blood-vessels.” 

Even the stronger lines of testimony, those based on 
cutaneous byperjemia, blushing, etc., in favor of the presence 
of vasodilator nerves in the spinal cord, including that afforded 
by excitation of the upper segment of the cervical sympathetic, 
after section, cannot stand close scrutiny. “Flushing of the 
skin, or a rise of temperature in it,” writes Langley,® “are at 
times and in certain circumstances, produced by stimulation of 
the sympthctic; and it is generally believed that the changes 
are due to the presence of vasodilators. The evidence, on the 
whole, is in favor of the presence of such nerve-fibers, but it is 
I think, premature to regard the question as settled.” The 

•Poster: **T. B. of Physiol.,*’ sixth American edition, p. 229, 1896. 

* Landois and Stirling: “T. n. of Physiol.,” vol. 11, p. 959, 1886. 

•Landois: ‘‘T. n. of Human Physiology,” tenth edition, p. 771, 1905. 

•J. G. Curtis: “Amor. T. B. of Physiol.,** vol. 1, p. 199, 1900. 

1899 ^ Chapman: “Treatise on Human Physiology,” second edition, p. 682, 

• Langley: Sch&fer'B “T. B. of Physiol.,” vol. 11, p. 626. 
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weakness of the whole scheme hardly needs to be further 
emphasized. When we consider that vasodilation is the alU 
important factor of function in all organs, the need of ascer- 
taining the nature of this process imposes itself. 

No one, of course, denies that dilator effects are witnessed 
in various organs; the obscure feature of the question is the 
manner in which these effects are brought about. Even Claude 
Bernard’s meiiiorablc experiment, which conclusively demon- 
strated the existence of n(»rves capable of causing vasodila- 
tion, has remained unexplained, as far as the mode of action of 
the chorda tympani is concerned. The fact that division of the 
sympathetic (constrictor) libers distributed to the submaxillary 
gland’s vessels is followed by dilation of the latter and an 
increased outflow of blood led Bernard to. suggest that the 
chorda tympani inhibited the sympathetic fibers. Granting 
that it does represent a physiological function, this interpreta- 
tion fails to harmonize with several established facts. Among 
these is the observation of Schiff (185G) and confirmed by sev- 
eral investigators since, that ^The vessels of any organ arc 
dilated to a greater degree by excitation of the vasodilators 
than they are by paralysis of the vasoconstrictors.”® It is evi- 
dent that ^‘inhibition” or “paralysis” should simply counteract 
the constrictor effects, the vessels retaining their normal 
diameter. In reality, the dilation is much more marked under 
excitation, and the submaxillary gland is no exception to the 
rule. Langley,^® in discussing the mode of action of inhibitory 
fibers, refers to this view as untenable, and, alluding to “the 
bucco-facial region of the dog, the inhibitory fibers of the heart 
and the inhibitory fibers of the stomach and intestine,” 
remarks: “We may conclude for all cases that the inhibition 
which we are considering is not produc(»d by a lowering of the 
activity of sympathetic or similar nerve cells.” Foster’s^^ 
estimate in this connection is conclusive: “We may, if we 
please, speak of an ‘inhibitory mechanism^ placed in the heart 
itself,” says this investigator, “but wo have no exact knowl- 
edge of the nature of such a mechanism.” 

In the vasodilator phenomenon discovered by Claude Ber- 

® Schiff : Leonard Hill: Schftfer's *‘T. B. of Physiol./* vol. il, p. 136. 

’“Langley: /ftfd., vol. 11, p. 673. 

” Foster: Loc, cif., p. 207. 
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nard we have an illustration of the active functions of all 
organs. But how does the chorda tympani cause vasodilation? 
The solution of this problem furnishes that of a multitude of 
questions in the domains of physiology, pathology, and thera- 
peutics. 

If the foregoing estimates are- reduced to their simplest 
expression, our knowledge of the source and nature of vaso- 
dilator impulses is about as follows: we have a problematic 
center, grafted upon another center known to transmit 
impulses of an opposite kind; this problematic center is sup- 
posed to be the source of dilator impulses through nerves which 
have not been shown to act as channels for them, and which 
serve to dilate vessels which do so automat icallij, when all 
nerves distributed to them are severed. In other words, the 
conception is illogical from start to finish. It may be objected 
that the cord itself is the source of dilator impulses, and that 
nervi erigentes, for instance, may be made to produce dilator 
phenomena reflexly when the cord is severed above the lumbar 
region. But this in no way modifies the situation, for the 
spinal centers are thus merely brought into line with others 
credited with similar functions: the pontine nucleus of the 
facial nerve, the source of the chorda tympani’s stimuli, for 
example. The manner in which these spinal centers cause 
vasodilation is no less obscure. 

A key to the situation is within reach if all prevailing 
theories arc set aside and facts only are accepted as guides. 
We Imotv that constrictor impulses originate from a vjisomotor 
center or subsidiary centers; we hioiv that vasodilator effects 
arc produced. Why should constrictor impulses not give rise 
to dilator effects? 

Claude Bernard’s experiment is outlined by Leonard HilB* 
ill the following words: ^‘Exposing the submaxillary gland, he 
opened one of the efferent veins and observed the outflow of 
blood. On dividing the cervical sympathetic nerve, the blood 
flowed in increased volume and became more arterial in color. 
On exciting the same nerve the outflow entirely ceased and the 
gland became pale in color. Tie next excited the chorda tym- 
pani nerve; the gland blushed red, and almost immediately 

u Leonard Hill: Loc. dt, p. 132. 
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bright arterial blood gushed out from the vein. The vascular 
dilatation was^ in this case, so great that the blood, with each 
pulsation of the artery, flowed from the veins in jets.” 

The chorda tympani fulfllls a dual r6Ie. “When the 
chorda is stimulated,” says Foster,^* “there pass down the 
nerve, in addition to impulses affecting the blood-supply, im- 
pulses affecting directly the protoplasm of the secreting cells, 
and calling it into action.” These fibers were traced to the 
secretory elements by Pfliiger, and his observation was con- 
firmed by Paladino in 1876, and subsequently by Navalichin 
and Kytmanoff, Fusari and Panasci, and Ramon y Cajal.** 
When, however, the fibers to the secretory cells are paralyzed, 
the vascular phenomena are not modified. “If a small quantity 
of atropine be injected into the veins,” says Foster,^"* “stimu- 
lation of the chorda produces no secretion of saliva at all, 
though the dilatation of the blood-vessels takes place as mual; 
in spite of the greatly increased blood-supply.”* This is a 
familiar physiological fact, first observed by Ludwig many 
years ago, which shows that however produced, the vasodilator 
effects must be ascribed to the chorda tympani only. 

The salient features of Bernard’s experiment, besides the 
vascular dilation, are an increased volume of blood, the pres- 
ence of arterial blood, and the expulsion of the latter in jets 
coinciding with arterial pulsations. To meet the needs of the 
first of these phenomena, it is, of course, necessary (1) that an 
increased volume, of blood be admilled to the organ, and (2) 
that the blood-pressure be increased behind the column of 
blood so admitted. Obvious as these two conditions are, how- 
ever, they embody, it seems to me, a solution of the question 
in point, for: given an adequate pressure behind an increased 
volume of blood, we have a column which exerts centrifugal 
pressure upon the walls of the vessels through which it passes 
and capable, therefore, of dilating them. To account for the 
arterial character of this column of blood and its expulsion in 
jets, we require larger vessels than the arteriole in the gland 
proper. The three or four submaxillary branches which sup- 

• The Italics are my own.— S. 

“ Poster: hoc. cit, p. 265. 

Ramon y Gajal: Testut: **Tralt6 d’Anatomle Humainc,'* third edition, vol. 
111. p. 176. 1895. 

” Foster: Loc. ctt., p. 264. 
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and the fact that it pulsates actively; clearly pdibt b> 
this ressel as a prominent factor of the process. But hbir if C 
it mads suddenly to . shift, as it were, an additional volunis of 
.blood into its submaxillary branches — ^which requires w;ideiimg 
of the lumens through which the blood enters the lattea^^d 
simultaneously increase its own propulsive power ? . This 
increase must be very marked, for “during stimulation, ’^ spys 
Foster, “the blood rushes out in rapid, full stream." A Very 
simple mechanism, the various parts of which are familiar 
anatomical landmarks, seems to me to satisfy all the needs of 
the function. 

We have seen that the chorda tympani alone increases the 
functional activity of the gland. This nerve has two sets of 
fibers: secretory and vasodilator. Both of these are given off 
(anatomically) from a small ganglion, the submaxillary, found 
above the hilum of the organ. A feature of the distribution of 
this ganglion’s fibers, however, is that some of them penetrate 
the gland proper, while others pass directly to the walls of the 
submaxillary branches of the facial artery, and to the latter 
likewise. Now, all these vessels are within the limits of those 
supplied with vasa vasorum, at least that first given by Henle, 
1.1 millimeter. Their walls thus receive blood as do other struc- 
tures, and are also oxygenated directly from the general circu- 
lation. These nutrient arteries, the largest of which, accord- 
ing to Gimbert,^* have a diameter of 0.017 millimeter, form an 
anastomosing network in the tunica . adventitia, composed 
chiefiy of fibrous connective tissue intermixed with a network 
of elastic fibers, but Eolliker, Eberth,** Aeby** and others 
since found that the outer third of the middle coat, which con- 
tains a large proportion of muscular cells disposed mainly in 

xOlmbcrt: Jonr. da Tuat at da phyalel., T, II, p. SSO, ISM. 

^^Bbertb: Strieker's ''Handbuck,** S. 192. 1^. 

Aebj: **Der Bau d.. menschl. Kdrpers,'^ 8. 7S2» 1871. 
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a circular manner^ was also provided with them. As shown 
by Banyier/® vascularization of this coat, however, is an 
accompaniment of local pathological processes, and it is 
now generally thought that nutrient vessels do not pene- 
trate this coat, except in the largest vessels. Shakespeare®® 
says in this connection: ^In the large vessels the middle 
and outer coats arc supplied with blood-vessels — the vasa 
vasorum. In a few instances capillaries enter the tunica 
intinia.” While, therefore, vasa vasorum form an irregular 
but close meshwork in tlic fibro-elastic layer, they can only be 
said to reach in man the surface of the deeper or muscular 
layer. 

That tliis network of nutrient capillaries is not itself sup- 
plied with vasomotor nerves is self-evident. These are doubt- 
less distributed to tlie arterioles from which the capillaries are 
given off. That very minute arterioles are supplied with a vaso- 
motor network is w*ell shown in the annexed plate by Joris,®^ 
the upper vessel being about one-quarter of a millimeter, while 
the lower is but forty-five thousandths of a millimeter in 
diameter. 

Important in this connection is the structure of the 
small vessels which, though referred to generally as “arteries,” 
are, in reality, arterioles as regards histological structure and 
size. In this class of vessels, the internal coat is composed of 
endothelial plates only. Overlying this coat is one composed 
of what Ranvier termed the “internal elastic lamina,” and of 
a layer of nonstriated muscular cells. Both this layer and the 
elastic layer are thus blended functionally, as it were. Now, if 
a cross section of such a vessel is examined, the elastic coat will 
be seen to have a wavy or festooned circular outline. “The 
internal clastic layer,” says Ranvier,®® “as are all structures 
composed of elastic material, are elastic only to a limited 
extent, and when it is compressed by the annular muscular 
/ayer, it often happens that the lower limit of elasticity is sur- 
passed, and that in order to accommodate itself within the 
restricted space reserved for it, it must fall into longitudinal 


“Ranvier: “Traltfi technique d’hlstologle,” 187!5. 
“Shakespeare: Allen's “Anatomy,” p. 72, 1884. 

Jnrls: Bull, de I'Acad. Roy. de M6d. de Belg., 
“ Ranvier: /hid. 


T. XX, p. 602, 1900. 
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folds. Hence the festoon seen in cross sections^ whereas in 
longitudinal sections of small arteries the folds formed under 
the influence of the muscular contraction cause it to appear 
as longitudinal striae.^^ 

The manner in which the muscular coat of arterioles (mean- 
ing thereby the smallest of arteries, those which join the capil- 
laries or the so-called pre-capillary vessels) is disposed around 
them is also of considerable importance. Thus, referring to 
these particular vessels, BerdaP® writes: ^^The muscular cells 
form a single and continuous layer around the small arterial 
vessel. They are rolled spirally around the arteriole.” As I 
will show in the next chapter, this enables these vessels (under 
the influence of sympathetic impulses) to propel their blood 
into the capillary system and to cause the arterioles to resume 
their normal diameter after they have been caused to dilate 
through the mechanism now in question. 

The mechanical process of vasodilation will now appear. 
As nutrient arteries, the vasa vasorum supply the walls of the 
vessels to which they are distributed with blood obtained from 
a neighboring artery. This blood, as elsewhere, enhances the 
functional activity of these tissues by increasing metabolism 
in the cellular elements of which they arc composed. Again, 
Roy®^ showed that the thcrmo-elastic properties of animal 
tissues differed from that of most other substances, and that 
they contracted when the temperature was raised and expanded 
when the temperature was lowered. We thus have two inter- 
dependent factors, one chemical and the other physical, depen- 
dent upon the Hood of the vasa vasorum, capable of influencing 
the caliber of the vessels to which they are distributed. It 
is now evident that constriction of the vasa vasorum, by arrest- 
ing or reducing the flow of blood to the walls of the vessels 
they nourish, will lower both metabolism and heat in these 
vessels, thus causing relaxation of their spiral muscular ele- 
ments, and as a normal consequence, dilation. We thus have 
vasodilation of arteries and veins produced by vasoconstriction 
of their nutrient vessels — as illustrated in the next chapter. 

This interpretation meets the — so far unexplained — ^fact 

»B0rda1: "Hlstologle Normals," fourth edition, p. 807, 1884. 

Roy: Jour, of Physiol., vol. Ill, p. 126, 1880. 
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that, as observed by Schiff, vessels dilated by their vasodilators 
expaud to a greater degree than when their constrictors arc 
severed. In the latter case, nerve impulses are alone arrested, 
and the vessel continuing to receive its nutrient blood, it soon 
resumes its normal caliber. When the nutrient blood of the 
vasa vasorum, on the other hand, cannot reach the vascular 
walls, hoth causes of constriction fail, since the walls are no 
longer able to respond to nervous stimulation. Again, it 
accounts for all the phenomena observed by Claude Bernard. 
The dilation of the gland’s vessels is left, to a certain extent, 
under the influence of the volume of blood forced through 
them from behind. Here the souree of general supply being 
the facial, a branch of the external carotid, we have not only — 
after vasodilation of the subinaxillary arteries induced by con- 
striction of their nutrient vessels — a marked increase of the 
volume of blood in transit through the organ, but it is pro- 
pelled with such rapidity through the latter that the change 
to venous blood cannot occur. Finally, the streams, under the 
influence of the greater artery’s periodical contractions, leave 
the gland in jets. 

Again, it does away with the need of a dilator center 
which no one has ever located, and of dilator nerves which no 
one has ever seen. Inasmuch, however, as Langley*''’ found 
that extirpation of the superior cervical ganglion, which causes 
degeneration of the sympathetic fibers distributed to the ves- 
sels of the gland, did not prevent vasodilation when the chorda 
was stimulated, the constrictor fibers of the vasa vasorum are 
not sympathetic fibers. They are evidently the fibers in 
cranial nerves which incite functional activity in all organs by 
increasing the volume of their blood supply. In view of the 
fact that they provoke dilator effects by transmitting con- 
strictor impulses, I will henceforth refer to them as '"stricto- 
dilator' nerves — a distinction of paramount importance in 
therapeutics, as will be shown. 

Finally, it meets all the conditions which, according to 
modern physiologists, an explanation of the mechanism of vaso- 
dilation should embody. Thus Howell*® (1905) writes: ^^There 

“Langley: Ihid., vol. vl, p. 87. 1885. 

“Howell: “T. B. of Physiol.," p. 546, 1905. 
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has been much discussion in physiology as to the nature of the 
action of the dilator fibers. The muscular coat of the small 
arteries runs transversely to the length of the vessel^ and it 
is plain that when stimulated to greater contraction through 
the constrictor fibers it must cause a narrowing of the artery. 
It is not so evident how the nerve impulses carried by the dila- 
tor fibers bring about a widening of the artery. At one time 
peripheral sympathetic ganglia in the neighborhood of the 
arteries were used to aid in the explanation, but, since histo- 
logical evidence of the existence of such ganglia is lacking, the 
view that seems to meet with most favor at present is as fol- 
lows: the dilator fibers end presumably in the muscle of the 
walls of the arteries, and when stimulated their impulses inhibit 
the tonic contraction of this musculature and thus indirectly 
bring about a relaxation. Dilatation caused by a vasodilator 
nerve fiber always presupposes therefore a previous condition 
of tonic contraction in the walls of the artery, this tonic condi- 
tion being produced either by the action of vasoconstrictor 
fibers, or possibly by the intrinsic properties of the muscle 
itself.^^ 

I conclude, therefore, that (1) vasodilation is due, in the 
case of arteries and veins, to the diminution of blood-plasma and, 
therefore, of adrenoxidase, in the muscular layer of these ves- 
sels; (2) the blood-plasma being supplied to the vascular walls 
by the vasa vasorum, it is through contraction of these nutrient 
vessels that dilation of the vessels is caused; (3) the vasa 
vasorum receiving their blood-plasma from larger arterial ves- 
sels supplied with vasoconstrictor nerves, it is through vasocon- 
striction of these vessels that the volume of blood circulating 
through the vasa vasorum is diminished; (4) it is therefore by 
vasoconstrictor action that vasodilation is produced, ""vasodilator 
nerves** having no existence in fact; (5) vasodilation being 
caused by constriction of the nutrient arteries of a vessel, the 
vasomotor nerves supplied to these nutrient vessels should not 
be termed ""vasodilators** but ""stricto-dilators.** 

As Stewart^^ states, the fact that ^^an organ in action in gen- 
eral receives more blood than the same organ in repose^' is "a 
physiological law of wide application.” In the light of the evi- 

" Stewart: ‘‘Manual of Physiol.," fourth edition, p. 836, 1900. 
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dence adduced^ this constitutes the cardinal feature of all func- 
tional processes since it is to the presence of adrenoxidase in 
increased quantities that any exacerbation of activity, whether 
it be contraction or secretion, is due. It is apparent, therefore, 
that this mechanism of vasodilation is that through which all 
exacerbations of activity in any organ, whether belonging to the 
alimentary, circulatory, locomotor, visual, auditory, or any other 
system, is incited and sustained. 

The influence of this mechanism will become evident under 
the next heading. 

THE POSTERIOR PITUITARY THE SEAT OP A CENTER (THE 
ADRENO-THYROID CENTER) THROUGH WHfCH THE 
TEST-ORGAN INFLUENCES THE SECRETORY 
ACTIVITY OF THE ADRENALS AND 
THYROID APPARATUS. 

Leonard Hill,*'* in a review of our knowledge upon the 
mechanism of the circulation, writes: the rabbit, from 

the junction of the vagus and superior laryngeal nerves, there 
arises by two roots a flne nerve, which courses down the neck. 
On excitation of the central end of this nerve, Ludwig and 
Cyon witnessed a surprising fall of arterial pressure, accom- 
panied by a slight decrease in cardiac frequency. The peri- 
pheral end failed to give any response to stimulation. Thus 
the purely afferent nature of the nerve was established.” 

^^This nerve was named, by Ludwig and Cyon [in 

1866], the depressor, for it possessed the power of depressing 
the arterial tension by 30 to 50 per cent. Ludwig and Cyon 
observed that, on stimulating the depressor, the kidney flushed 
red with blood, while the fall of arterial tension became insig- 

.nifleant after section of the splanchnic nerves.” ^Tn 

different mammals, many variations are to be marked in the 
course of this nerve, but fibers with a depressor function are 


to be found.” ^Tn man the homologous nerve arises 

from the vagus from the junction of the vagus and superior 
laryngeal nerves, but quickly joins again the main trunk of the 
vagus.” "Almost all parts of the vascular system can 


be thrown into dilatation by the depressor nerve.” 

•Leonard Hill: Schdfer*B B. of Physiol./’ vol. 11. p. 69. 1900. 
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The manner in which this effect is produced is still 
obscure : “The question is one not definitely settled,” accord- 
ing to Hill, “and no conclusion as to the exact method of action 
of this nerve can be drawn.” That it is not due to excitation 
of what he terms a “hypothetical vasodilator center” is sug- 
gested by the fact that vasodilator nerves “arc easily exhausted 
by artificial stimulation,” while the depressor is “inexhaus- 
tible.” Cyon himself denies any relationship with such a cen- 
ter. As 1 have pointed out, moreover, the latter is not required 
to explain vasodilator phenomena. In fact, the spinal system 
cannot transmit the vasodilator impulses reflexly, since, as 
stated by Hill, after “dividing the spinal cord in the dorsal 
region, excitation of the depressor still causes a fall of arterial 
pressure.” This obviously eliminates the vasomotor center 
also. Indeed, Porter and Beyer,-** in an experimental study 
of this feature of the problem, state that they found “no evi- 
dence to warrant the opinion that the depressor nerves have 
special connections with the cells in the vasomotor center asso- 
ciated with the splanchnic fibers.” ITow, since as stated by 
Hill, “the splaiKdinic area is by far the most important scat 
of dilatation provoked by the depressor nerves,” it is evident 
that the vasomotor center has nothing to do witli the process. 
This leaves the latter totally unexplained. 

This result is not surprising, in view of the fact that the 
functions of the pituitary body and of the thyroid gland, as 
I have interpreted them, alone make it possible to understand 
the process through which the depressor produces vasodilation. 
A comprehensive study of the question, which can only be 
represented here by a few salient facts, has led me to conclude 
that the depressor nerve produced this phenomenon by inhibiting 
the functions of the thyroid gland and pituitary body, and 
through the latter that of the adrenals. 

Laulanie**® states that the piinilary body “is in relation 
with the sympathetic, the vagus, and the depressor nerve” — a 
fact established by Oyon^s experiments. That fibers of the 
cervical sympathetic are distributed to the pituitary body 
through the carotid plexus is w^ell known. We have seen, 
moreover, that disorders of the anterior pituitary accompanied 

"Porter and Beyer: Amer. Jour, of Physiol., vol. Ill, p. 23, 1900. 

" LaulanlO: **E10mentB do Physiologie,” second edition, p. 488, 1905. 
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by local congestion give rise to glycosuria.®^ Now Cyon and 
AladofI®® found that lesions or removal of the upper thoracic 
or inferior cervical ganglia, or division of the loop of Vieussens, 
caused diabetes. All these contain sympathetic fibers which 
ascend to the superior cervical ganglion. Pavy®® also states 
that ^^of all the operations on the sympathetic of the dog that 
have as yet been performed, removal of the superior cervical 
ganglion the most rapidly and strongly produces diabetes.” 
As the fibers of the upper portion of the sympathetic other 
than those distributed to the pituitary supply various struc- 
tures of the eye, those to the pituitary can alone explain this 
phenomenon. The manner in which this procedure causes 
diabetes is plain under those conditions: the sympathetic 
terminals to the pituitary being, as elsewhere, vasomotor, 
division of tlie nerve causes passive dilation of the vessels dis- 
tributed to this organ, and the resulting congestion of the 
anterior lobe (by far the larger of the two, and the seat of the 
test-organ) gives rise to glycosuria by stimulating the adrenals. 
As previously stated, Blum, Croftan, Hertcr and others found 
that adrenal extract, adrenalin, etc., caused glycosuria. 

Judging from the fact that vasodilation thus produced 
(dsewhere in the body is temporary, however, the glycosuria 
should likewise be ephemeral: Pavy especially mentions the 
^Temporary nature” of the marked diabetes following the 
experimental operation. On the other hand, if division of a 
nerve causes vasodilation, it is obvious that stimulation of the 
upper segment of that nerve should cause vasoconstriction. 
This is the role played by the depressor: forming part, as it 
does, of the cervical sympathetic, it was the nerve which, when 
cut by Pavy, caused vasodilation in the anterior pituitary and 
glycosuria, and which, conversely, causes vasoconstriction in 
this organ when its central or upper end is stimulated. The 
same effect is produced when the impulses (the nerve being, 
we have seen, entirely afferent) originate in the heart; the 
functional activity of the adrenal center being lowered by the 
contraction of its vessels, that of the adrenals is restrained in 

« Cf. this vol., p. 1021. 

^ Cyon and Aladoff: Dull, do I’Acad. des scl. do St. Petersburg, vol. vli, 
1871. 

**Payy: Proceedings Royal Soc. of London, vol. x, p. 27, 1859. 
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proportion and, less adrenal secretion being secreted into the 
blood, the vessels of the body at large dilate. 

Under these conditions, division of the cervical sympa^ 
thetic, by cansing congestion of the anterior pituitary, and, 
therefore, stimulation of the adrenals, should antagonize 
(through the rise of vascular tension and blood-pressure caused 
by the secretion of the latter organs) the depressor action: 
HilP* states, referring to the lowered pressure caused by the 
vasodilation of depressor origin: "This fall is abolished 
by section of the cervical sympathetic nerves.^^ Again, as the 
end-result is due to inhibition of the adrenals and diminution 
of their secretory activity, other means capable of interfering 
with their functions should also reduce the vascular tension 
and the blood-pressure — the results of vasodilation. Oliver 
and Schafer have shown, as is well known, that adrenal extracts 
cause a marked rise of the blood-pressure. Strehl and Weiss,*® 
on the other hand, found that clamping of the adrenal veins 
caused it to decline, and moreover, that on releasing the vessels 
the pressure \vould return to the normal. 

The depressor nerve docs not supply vasoconstrictor fibers 
to the pituitary body alone, however. Cyon*® has recently 
studied the action of this nerve upon the vessels of the thyroid 
gland and found it very marked. He noticed, moreover, that 
it influenced correspondingly the abdominal and peripheral 
vessels. The nerves were found to be distributed to the 
arteries and were of two kinds, vasoconstrictor and vasodilator, 
and to reach them cither by w'ay of the superior laryngeals or 
through the plexus often formed by the depressor with the 
sympathetic and vagal nerves. 

What are the functions of these vasoconstrictor and vaso- 
dilator nerves? 

As to the vasoconstrictor branches, E. Cyon,*^ in a re- 
view of his experimental work upon the innervation of the 
thyroid, states that its "vasoconstrictors are sympathetic fibers." 
He found, moreover, that the depressor sent a branch to this 
organ, and that "the heart had a powerful regulator influence" 
on the quantity of blood circulating through it. On the other 

“Hill. hoc. dt, p. 162. 

« strehl and Weiss: Pflilgor’s Archlv, Bd. Ixxxvl, S. 107, 1901. 

“ Cyon : Archlv f. d. gesam. Physiol.. Bd. Ixx, S. 126. 280. 1898. 

“ B. Cyon: Arch, de Physiol.. T. x. p. 618. 1898. 
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hand, a clinician, Murray,®® observed that ^^the effect of pro- 
longed administration of thyroid upon the healthy gland is to 
cause a condition of pallor, some diminution in weight, slight 
diminution in size of the gland, but without any microscopic 
evidences of atrophic changes." Here we have precisely the 
condition produced by a similar process on the pituitary. 
When constricted the arteries allow less blood — and, therefore, 
fewer blood-cells — to enter the organ, and its functional activ- 
ity is reduced. In other words, through the constrictor branches 
it sends to the pituitary body and to the thyroid, it reduces 
simultaneously the functions of both organs. 

The fact that the depressor nerve causes vasoconstriction 
accounts for the heretofore paradoxical observation that, as 
stated by Hill, depressor effects cannot be obtained after the 
injection of strychnine — in toxic doses, I would add. These, by 
causing general vasoconstriction, affect in a similar way the 
thyroid and the pituitary body. Tlic depressor producing 
likewise vasoconstriction, its effects arc forestalled. Indeed, 
Oliver and Schafer®® found that depressor effects cannot be 
obtained ^Vhile the arteries are contracted by intravenous 
injection of suprarenal cxtract.^^ 

These various facts have served to bring out an important 
practical feature, concerning the avowed purpose of the depres- 
sor in the organism: Can we conclude with Cyon that, as he 
says, this nerve enables the heart ^‘to control the resistance 
which opposes its evacuation," or, in other words, to provoke 
vasodilation, when excessive general vasoconstriction causes 
the blood-column to resist unduly the heart’s contractions? If 
such were the case, why does not stimulation of the central end 
of this nerve overcome the general vasoconstriction produced by 
strychnine and adrenal extract? It is evident that this can- 
not be -the main function of the depressor, for, as is well known, 
the vascular pressure is raised dangerously by various poisons, 
especially during spasm, and there is no evidence that the 
depressor fulfills the role ascribed to it by Cyon. Its true 
r 61 e is of another kind. 

This introduces the function of the vasodilator fibers 
which the depressor supplies to the thyroid. 

“ Murray: Lancet, Mar. 18, 1899. 

** Oliver and Sch&fer: Jour, of Physiol., vol. xvlll, p. 230, 1896. 
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In the light of the conclusions submitted under the pre- 
ceding heading, the vasodilation observed by Claude Bernard 
in the maxillary gland indicates increased functional activity, 
and that this applies to all other organs. As I have shown, 
moreover, that leucocytes virtually carry on the functions of 
the thyroid, this vasodilation involves the presence of a larger 
number of leucocytes in this gland, and therefore, hyperac- 
tivity of the organ. As this is manifested by increased secre- 
tory activity, an excess of thyroidase should be produced. Now 
various clinicians, Roger and Gamier,*® Odoacre Torri,*^ Vin- 
cent** and others, have observed that in various diseases, includ- 
ing the infections, the thyroid was not only overaclive, but that 
it produced an excess of colloid^ its secretion. In view of the 
facts (1) that the posterior pituitary incites functional activity 
in organs belonging to the field of the vagus; (2) that toxic 
wastes, certain toxins and poisons stimulate the test-organ; 
and (3) that the depressor nerve also sends fibers to the 
pituitary body, as shown by C 3 mn, the manner in which this 
is brought about suggests itself, viz.: the pathogenic elements 
of the diseases referred to, which include exanthemata, tuber- 
culosis, typhoid fever, etc., stimulated the adrenal center as 
usual, and, therefore, the adrenals; but, in additioji to this, 
and through the depressor vasodilator fibers to the thyroid, the 
secretory activity of this organ. 

This affords a complete mechanism for automatic defence: 
The excess of thyroidase to sensitize and soften (as agglutinin) 
the bacteria and other pathogenic elements, and thus prepare 
them for destruction; the excess of adrenoxidasc to increase 
the functional activity of the pancreas and leucocytogenic 
organs, and to charge the blood with trypsin, nuclcoproteid 
granules, and aggressive phagocytes. All these substances, 
adrenoxidasc, trypsin, nucleo-proteid and phagocytes, then unite 
to destroy the pathogenic agent, previously prepared by the 
thyroidase to insure its dissolution. 

A cardinal feature of the whole defensive mechanism 
asserts itself in this connection: The vasodilator fibers of the 

" Roger and Gamier: Prease mfid., vol. vl, p. 181, 1899. 

" Odoacre Torrl: Pollclinlco, vol. vll, pp. 145, 226, 280, 1900. 

Vincent: Bull, ct naOm. de la Soc. mOd. de hOpltaux de Parla, 3e. aOrle, 
23annee, p. 598, 1906. 
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thyroid (some of which also supply the parathyroids) jointly 
constitute the thyro-parathyroid secretory nerve, just as the 
vasodilator nerves supplied to the adrenals constitute the adrenal 
secretory nerve. Inasmuch as both the thyro-parathyroid and 
adrenal secretions form part of the blood’s bacteriolytic and 
antitoxic substance, it is evident that both must, in order to 
insure the full efficiency of the latter, be secreted simultane- 
ously in appropriate proportions. It follows that this function 
must be governed by a single center, the adreno-tliyroid center. 

Again, inasmuch as it is through the test-organ that all 
agents which increase the functional activity of the adrenals and 
through them the defensive properties of the blood and its cells, 
enhance oxygenation and function throughout the entire organ- 
ism, it follows that it must also be through this organ that the 
functional activity of the thyroid and parathyroids is increased. 
Whereas, however, the h^st-organ is a sensitive structure, pre- 
cisely as the olfactory area of the nasal cavities is a sensitive 
structure (of which, in fact, it is, as we have seen, the homo- 
loguc), its impulses are sensory and afferent, and as such, there- 
fore, incapable of inciting or augmenting function directly, it 
is evident that, as is the case throughout the entire nervous sys- 
tem, they must first of all be converted into motor stimuli. In 
view of the evidence, histological, clinical, ])hysiological and ana- 
tomical, submitted, the jiosterior or neural lobe of the pituitary 
not only receives fibers from the test-organ, but it also pro- 
jects nerve-chains to the base of the brain, whicdi ultimately 
end in the adrenals and in the thyroid apparatus. It is in the 
posterior lobe of the pituitary, therefore, that the adreno- 
thyroid center is located, and when drugs, poisons, catabolic 
wastes, etc., awaken a protective reaction of the test-organ, it is 
through this center that the secretory activity of the adrenals 
and thyroid ghind and glandules is activated. 

On the whole, all the evidence submitted in the foregoing 
pages, supplemented by that embodied in the preceding chap- 
ters, tends to show: (1) that the tesUorgan governs the secre^ 
tory activity of the adrenals and of the thyroid and parathy- 
roids through the intermediary of a center located in the pos- 
terior pituitary body, the adreno-thyroid center; (2) that when 
drugs, poisons, toxins, waste-products, etc., provolce a defensive 
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reaction of the test^organ, it is hy exciting simultaneously the 
adrenals and the thyroid apparatus, through the adreno^thyroid 
center, that it (the tesUorgan) increases the proportion of 
adrenoxidase and thyroidase in the blood; (3) as adrenoxidase, 
by hastening metabolism, provokes leucocytosis (including an 
increase of phagocytes) and an increase of nucleo-proteid and 
trypsin, and combines with these bodies to form the bacteriolytic 
and antitoxic constituents of the blood and of its phagocytes, 
while (4) thyroidase sensitizes (as opsonin) the pathogenic 
germs and substances to render them vulnerable to these defen^ 
sive const itutents, it follows: (5) that the adrenodhyroid cen^ 
ter, under the dependence of the tesUorgan, is the center through 
which all the body*s auto-immunizing functions are governed.* 

Hereafter, to avoid confusion, however, I will refer to this 
center as the “adrenal center^^ in most instances since the only 
clearly defined phenomena arc those directly ascribable to bodies 
formed through the agency of the adrenals. It will be under- 
stood, thereby, that the “adreno-thyroid^^ center is meant and 
that the thyroid apparatus is always stimulated simultaneously. 

The participation of the depressor nerve in this mechanism 
is shown conclusively from another direction : — Cyon*® ob- 
served another important fact, viz., that when he injected 
iodothyrin — a thyroid extractive — the excitability of the de- 
pressor became intense and the vascular pressure declined 
often to two-thirds of the normal. In one instance, in fact, 
the animal died suddenly. Cyon ascribes death in such in- 
stances to paralysis of the vasoconstrictors. From my view- 
point, it is due to quite another and opposite cause — that pre- 
viously referred to as of exceeding practical importance: ex- 
cessive constriction of the vessels of the pituitary and thyroid, 
and, as a result, arrest of the vital functions owing to deficient 
supply of adrenoxidase and thyroidase. The general vasodila- 
tion produced is but a secondary or cpiphenomenon under these 
conditions. As to the process through which iodothyrin evokes 
these phenomena, Cyon ascribes it to the fact that it increases 

^Investigators refer to the thyroid gland as an organ capable of ''govern- 
ing'* certain functions or morbid processes. The above facts show that the 
thyroid governs nothing; It Is only a secreting gland, governed as are all 
other glands, by a nerve-center— the adreno-thyrold center, from my view- 
point— to which its fluctuations of activity and some of Its diseases— exophthal- 
mic goiter, for example-Hshould be ascribed. 

"Cyon: Loc. cit. 
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the excitability of the nerve. This harmonizes perfectly with 
my own view, since, as I have pointed out, the function of 
thyroidase is to sensitize all cells, to endow them, in other 
words, with irritability. Thyroidase sensitizes the nerve 
directly, therefore, by circulating with adrenoxidase, its 
ubiquitous companion, in the neurons composing it. 

In accord w'ith the evidence submitted, the vasoconstrictor 
effects produced by various drugs, even when administered in 
toxic doses (as will be shown farther on), arc in no case coun- 
teracted by the depressor nerve; it is evident, therefore, that 
(1) it is not the function of the depressor nerve, as now be- 
lieved, to cause general vasodilation tvhen excessive general vaso- 
constriction causes the blood column to offer undue resistance 
to the hearts contractions; (2) in practice the vasodilation 
witnessed when the central end of this nerve is stimulated 
experimentally, occurs only when excessive doses of thyroid 
extract are administered, because it adds to the blood what thy- 
roidase it contains; (3) the excitability of the depressor nerve 
being increased artificially by this excess of thyroidase, it in- 
hibits the functions of the pituitary and thyroid and by thus 
reducing the proportion of adrenoxidase (and thyroidase) in 
the blood reduces the vascular tension sufficiently, when toxic 
doses of thyroid extract are administered, to cause death. 

I must lay stress on the fact that this does not mean that 
the depressor nerve cannot i)rodiice vasodilation: It means only 
that general vasoconstriction, however marked, cannot itself 
provoke general vasodilation through the intermediary of this 
nerve. Inasmuch as it can inhibit the functions of the thyroid 
gland and anterior pituitary by constricting their arteries, it 
is able to reduce general oxygenation and metabolism through- 
out the entire body, including the muscularis of all vessels, thus 
causing them to relax, ix., to dilate. As I will show in the 
twentieth chapter, sleep is produced through the depressor nerve 
by a corresponding mechanism. Hence the fact that when 
stimulated experimentally, this nerve produces vasodilation. In 
other words, the nerves which have been "known as the ^^depressor 
nerves** are those through which the adreno-thyroid center regu- 
lates the circulation of the anterior pituitary body and of the 
thyroid apparatus. 
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DRUGS WHICH ENHANCE THE DEFENSIVE PROPERTIES OF 
THE BLOOD BY PROMOTING THE FORMATION 
OF AUTO-ANTITOXIN. 

In his review of the subject of Active Immunity, Lazarus- 
Barlow,^^ after referring to Pasteur’s, Ilallkin’s and Wright’s 
application of the principle of inoculation in various diseases, 
writes as follows: “Immunity may be conferred by repeated 
inoculation with small doses of virulent microorganisms. In 
this method it is obvious that a direct attempt is made to copy 
nature. The dose inoculated must, of course, be less than the 
minimal lethal dose. When the animal has recovered, it is 
found to possess a certain degree of immunity, and one is able, 
by gradually raising the dose of virus injected in successive 
inoculations of the same animal, to raise the degree of 
immunity which it possesses. Ultimately the animal may with- 
stand with ease a dose equal to many times the dose which 
would at first have been fatal. 

“The most important method we possess for obtaining 
acquired immunity is that introduced by Salmon and Smith in 
America. These investigators found that, if the sterilized 
products of the bacillus of hog-cholera be injeeded into pigeons, 
the birds became resistant to subsequent inoculations with the 
bacillus itself. This method is of vast importance, both from 

a practical and from a theoretical point of view 

N^umerous examples of immunity accpiired in this manner are 
known, but the most striking are perhaps those obtained in 
the cases of B, tetani, B. diphlheriw, and B. pyocyaneus, 

“Just as, when conferring immunity by doses of virulent 
microorganisms, it is necessary to commence with doses far 
below the lethal dose, and to gradually increase the amount 
inoculated, so in this method of ‘immunization by chemical 
products’ it is necessary to begin with very small doses of the 
toxin and to gradually increase the dose as immunity is being 
acquired. If this process be carried out with care, an animal 
may in time acquire so great a degree of immunity that it will 
withstand an injection of many hundred times the dose of 
poison that would have, at first, killed it with certainty. This 

** Lazarus-Barlow: ‘‘Manual of Gen. and Exp. Pathol.,” p. 343, 1904. 
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method is adopted (in some cases in conjunction with inocula- 
tion of cultures of living and virulent bacilli) in the prepara- 
tion of antidiphtheritic serum from horses. There is a limit, 
apparently, for each animal, beyond which an acquired 
immunity of this kind cannot be pushed. 

^Tt has been found that an immunity may be acquired 
after feeding an animal with toxin. Little is known with 
reference to this method, but it is of great interest in connec- 
tion with the beneficial results obtained in myxeedema by feed- 
ing witli thyroids of the slieep.” 

It is my purpose to show in the following pages that, inter- 
preted in the light of my views, several of our remedies, par- 
ticularly some of those now characterized as “alteratives,” 
behave as do toxins when introduced into the organism, in the 
sense that they confer upon the patient the power to resist 
infection. 'J'his, from my standpoint, is due, as previously 
shown, to a compound (adrenoxidase, nucleo-protcid and a 
zymogen), which, whether as trypsin, steapsin, amylopsin, etc. 
(according to the zymogen it contains) submits protcids, fats, 
glycogen, starches, etc., and bacteria and their toxins as well, to 
a process of digestion — a process which, according to the pres- 
ent teachings of physiological chemists, is one of hydrolytic 
cleavage. 

Again, referring to “passive immunity,” Lazarus-Barlow 
writes: “It was found by many observers, among whom 
Behring stands preeminent, that when an animal has, by any 
of the methods described above, been immunized against a 
given infective agent, the blood-serum of that animal, if 
inoculated into other animals, can confer upon them also an 
immunity against the same infective agent.” The truth of 
this law he regards as “now lirinly established. It has been 
demonstrated,” he adds, “in the cases of rabies, of tetanus, of 
diphtheria, of pneumonia, and of other diseases. Ehrlich 
extended the range over which this law holds good by showing 
that animals may be actively immunized against ricin (the 
active principle of castor-oil beans) and abrin (the active prin- 
ciple of jequirity seeds), and that the blood-scrum of such 
immune animals is able to confer passive immunity against 
ricin and abrin respectively in other animals. And Calmette, 
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whose work has been confirmed by Fraser^ has shown that the 
same holds good with reference to animals immunized by suc- 
cessive doses against snake-venom/^ This refers, of course, to 
the various antitoxins, of which diphtheria antitoxin is the 
best known. 

In the first volume I assimilated these antitoxins to the 
bacteriolytic and antitoxic constituents of the blood, whose 
origin I have traced in the foregoing chapters to the adrenals, 
the pancreas, the leucocytes and the thyroid apparatus. I 
have no ground to modify my opinion as shown in the last sec- 
tion of the present chapter. When, therefore, the scrum of 
an immunized animal is injected into another animal, what is 
(from my standpoint) injected is merely a certain quantity of 
the bacteriolytic and antitoxic triad which had been caused to 
accumulate in the first animaFs blood by inoculations. In 
other words, diphthet*ia antitoadn and other antitoxins are 
antitoxic triads, derived from the adrenals, pancreas, levr 
cocytes and thyroid apparatus, and which when injected 
into the blood during infectious diseases, increase its bacterio- 
lytic and antitoxic properties according to the quantity 
injected. 

Interpreted in this manner, the first principle, that of 
introducing toxins into the blood to evoke immunizing prin- 
ciples, is the foundation of the entire defensive process — the 
militant weapon of which is the antitoxin. Now, this is pre- 
cisely what, in the light of my views, some of our familiar 
remedies arc able to do. In other words, certain alteratives can 
cause the Hood to become bacteriolytic and antitoxic by pro- 
voking the formation and accumulation therein of more or less 
antitoxin. 

To distinguish this antitoxin — produced hy the organism 
itself under the influence of certain toxins and drugs — from 
antitoxins introduced into the body from without, I will refer 
to it hereafter as auto-antitoxin. 

The examples submitted in this chapter of agents capable 
of provoking the formation of this substance are thyroid 
extract, mercury, iodine and its salts, and adrenal extractives. 
If all acted similarly, one would suffice as an example of at 
least a group, but {and it must be admitted that we are far 
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from such a fund of knowledge concerning the effects of 
individual toxins) each drug shows specific properties especially 
in the toxic phenomena they produce, which, as I will show, 
can be accounted for. In thyroid gland, for instance, we have 
an example of a drug capable of raising the blood^s asset in 
auto-antitoxin, since it enhances markedly general metabolism. 
At a given time, however, the arteries begin to dilate and keep 
on doing so. The reason for this is plain: thyroidase acting 
directly, as shown by (>yon, on the depressor nerve, it causes 
general vasodilation by constricting the arterioles of the 
pituitary body, reducing thereby general metabolism in the 
vascular walls. Mercury presents another phase, ^"hough 
likewise able powerfully to raise the activity of metabolism and 
the blood’s supply in auto-antitoxin, it fails to provoke the for- 
mation of sudicient thyroidase to cause the depressor to con- 
trol the pituitary body — the proportion of thyroidase added to 
the blood even by toxins being always very small. So marked is 
the stimulating action on the test-organ and adrenal center, that 
metabolism is increased to unsafe limits and excessive salivation, 
tissue destruction occurs, simply because the auto-defensive pro- 
cess has been converted into an auto-destructive process by an 
excessive quantity of auto-antitoxin in the blood. Xot only are 
bacteria, toxins, etc., destroyed, but the blood-cells, and some- 
times the tissue likewise. In iodine (and its salts), we have 
another powerful stimulant of the adrenal system, and the fact 
that it is the main constituent of the thy ro-para thyroid secre- 
tion and that it keeps the blood well supplied with opsonins 
accounts for the value of this drug, since bacteria and the 
pathogenic elements arc prepared for the digestive process to 
which the auto-antitoxin in the blood and phagocytes submits 
them. Finally, we have in the adrenal extractive's, agents 
which increase directly metabolism in all tissues, and thus 
provoke the formation of more or less auto-antitoxin. But 
here we lack the fundamental attribute of the whole process, 
i.e,, they do not stimulate the test-organ directly. Hence their 
fleeting action, though they are very useful when the blood’s most 
important function, oxygenation, must be promptly and ener- 
getically augmented, and when the morbid effects of hypo- 
catabolism must be offset. 


2—22 
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Thus, four agents — as instances of others — fully capable 
of increasing the auto-antitoxic properties of the blood, and, 
therefore, its auto-antitoxin, show distinct properties in other 
directions. These points of divergence arc all, as I will show, 
of great importance in practice. 

Another important point emphasized by the analysis of 
the action of the four remedies studied in this chapter is that 
it in the small doses which are the beneficial ones, because they 
raise the germicidal and antitoxic properties of the blood to 
a safe limit; while large doses provoke excessive overac- 
tivity of the immunizing substances, and its results, destruc- 
tion of the blood-cells and, in the case of mercury, of the 
tissues themselves. 

To establish the views T advance on a sound basis, a study 
of the various antitoxins is submitted at the close of the chapter. 
It shows plainly, 1 believe, that Ehrlich’s theory, as far as the 
side-chain feature itself is concerned, is defective, and that the 
ductless glands alone alford a sound foundation for the study 
of all problems concerned with immunity, a fact which I urged 
in 1903 in the lirst volume. Ehrlich to this day (1911) has 
failed to indicate the nature or source of the blood constituents 
which carry on the immunizing process — a suggestive fact. 

As the subjects to be submitted lien^after bear upon ques- 
tions related to the above: the physiological action of drugs, 
the pathogenesis of disease, their treatment, etc., all of which 
are of special interest to the practitioner, they will be pre- 
sented in a way calculated to facilitate their study: tlie gen- 
eral principles introduced will be presented in the usual type 
and the evidence in small type. This plan, however, has 
entailed the necessity of introducing in the general text (that 
in large type) a large number of personal conclusions based upon 
the evidence herein submitted, which are necessarily new, since 
they refer to functions of the organs f have introduced into the 
problem, or effects produced by them. Tn each case, therefore, 
to obviate the introduction of many personal pronouns and, 
furthermore, indicate that the conclusions reached do not form 
part of accepted doctrines, they will be distinguished by an 
asterisk (*) referring to the words *^author*s conclusion^* at 
the foot of the page. 
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THYROID PUKI'AUATIONS. 

Physiological Action. — A dose of thyroid gland may citlicr 
bo sto-rcd by the organ itself, or its tliyroiodase may be added to 
the blood at the time, precisely as if the tliyroid and the para- 
thyroids had secreted iL* As a result, the functions that thyroio- 
dase subserves, viz., (1) to increase the sensitiveness of all Jiving 
cells, including those composing the test-organ; and (2) to sus- 
tain by direct stimulation the functional activity of the latter 
as adrenal center, arc correspondingly activated.* The imme- 
diate effect is an increase of adrenoxidaso in the blood, and, 
therefore, of general metabolism, and increased seiisihility of 
all cellular elements.* The tissue-cells (as well as pathogenic 
cells, bacteria, parasites, etc.) being thus rendered more vulner- 
able to the metabolic ])rocess, this process is carried on at a rate 
exceeding greatly that incited by an agent capable only of 
stimulating the test-organ.* The phase of metabolism most 
activaterl, however, is that of catabolism, since the function of 
thyroiodasc is to facilitate the breaking down of cellular ele- 
ments by rendering them vulnerable to the digestive action of 
the auto-antitoxin.* Thyroid gland is mainly, therefore, a 
stimulant of the catabolic process. 

Tlio iiiaiiiH'r in wliicli tlio thyro-parjithyroid sec-rotion (which thy- 
roid gland represents) svMisitizes cellular rleinenls and the test-organ, 
and the mode of action of this secretion on this organ as a direct stimu- 
lant, were studied in the preceding chapter, to which the reader is 
referred. Tin? actual presence of tliis colloid secretion — thyroiodase — in 
the lymph and blood has been iirgetl by H;lmig,^'‘ Ehrich,^" and others. 
Corletti and Perusiiii^^ found it in the arteries and veins. That the 
addition of a glandular extract containing the active principle or fer- 
ment of the colloid should augment the activity of tliat already in the 
blood is obvious. 

(.Considerable evidenee as to the inlliience of the thyroid apparatus 
on metabolism has already been adduced in the preceding chapters. A 
few additional facts will therefore suffice. In a general review of the 
subject, Chittenden^® states that experiments on dogs show that fresh 
thyroid and iodothyrin have practically the same action in stimulating 
metabolism of proteid matter and decomposition of fat. This is obvi- 
ously the result of increased oxygenation, since, as observed by Robert 
Hutchison*” and m.^iiiy others, it promotes “the rapidity of combustion.” 

* Author' fi ronci union. 

« HainiR: Arehiv f. kiln. Chir., Rd. lx. S. 1. 1Sl)7. 

"•Ehrlch: Druns’s “Beltrage f. kiln. Chlr..” Rd. xxviii, S. 97, 1900. 

Cerlettl and Peruslnl: Jour, of Mental Path., vol. vil, p. 209, 1906. 

^Chittenden: Trans. ConKress Anier. Pliys. and Surgs., p. 96, 1897. 

"Robert Hutchison: Brit. Med. Jour., July 16, 1898. 
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All the phenomena that this entails are present, moreover. Thus 
Georgiewsky** found that thyroid extract, M^hether injected or given 
with the food, caused, in dogs and rabbits, after some time, a rise of 
temperature, excessive appetite, increase in nitrogen excretion and some- 
times glycosuria. 

This evidence is controlled by the fact that thyroid gland 
increases the output of carbon dioxide. Whitney®^ found that there was 
a marked increase in the amount of COj eliminated by the body, 
showing increased oxidation of the carbonaceous materials. Conversely, 
while Albertoni and Tizzoni demonstrated that after thyroidectomy the 
proportion of COj in the blood was markedly decreased, Magnus-Levy** 
noted that the gaseous exchanges, the temperature and metabolism were 
all re<liiced by removal of the thyroid. The inerease of excretory prod- 
ucts induced by thyroid extract applies as well to catabolic wastes, 
since large doses produce marked irritation of the organs (X)ncerned 
with their elimination. Thus Ghcdini“ found in 14 animals the liver, 
kidneys, spleen, and the axillary and inguinal lymph-nodes greatly 
swollen, infiltrated and innamed, and concluded that they acted chiefly 
on organs wdiich eliminated noxious substances. So marked is the 
increase of catal)olism that as shown by Afagnus-T./evy** overalimenta- 
tion d<je8 not prevent emaciation wdiich large doses of thyroid produce. 

On the other liand, impairment of tlie functions of the thyroid 
apparatus by reducing the eincieney of catabolism, causes imperfectly 
broken-down — and therefon* toxic — wastes to accumulate in the blood. 
Lange“ found that removal of ]K)rtions of the thyroid afTected pregnant 
animals more severely than normal ones. A remnant sufTieient for 
health in the latter did not protect the pregnant animals from spasms 
or from renal disorders. In pregnant women T-ange observed also that, 
when the customary enlargement and overactivity of the thyroid did not 
occur, the likelihood that nephritis would appear was greatly increased. 
Interpreted from iny standpoint, this is because the overactivc thyroid 
insures the destruction of the excess of toxic wastes which the foetus 
contributes to tlie blood; if the organ fails to increase its activity, 
toxic, i.e.t imperfectly^ catabolized, wastes are secreted in abundance 
by the kidneys, exposing them to nephritis, or if these wastes are 
retained, puerperal eclampsia occurs. Ilypo-tliyroidia under these con- 
ditions becomes the main cause of ])uerperal nephritis and eclampsia. 
Additional evidence to this effect will be submitted in the section on that 
disease. This indicates the great rfde the thyroid apparatus fulfills in 
causing destruction of toxic wastes. 

That Avhen used in small therapeutic doses, thyroid gland pro- 
motes inetal)olisni, but only sufficiently so to enhance nutrition, growth, 
and the life process itself, is shown by the results obtained with thyroid 
extract in myxmdema and cretinism. This is fully confirmed experi- 
mentally. Thyroidectomy, as is well known, arrests growth and develop- 
ment in animals. Moussir'” observed that in such animals, thyroid 
extract soon caused the animals to resume their normal growth and 
development until a condition was reached wlien the comparison with 
the controls was striking. On the other hand, we have in the use of 
thyroid gland in obesity, evidence to the effect that it can powerfully 
stimulate catabolism. 


“ Georgiewsky: Bull. m#d., Dec. 1, 1897. 

Whitney: Cited by Mosoly: Med. News, Sept. 17, 1898. 
Magnus-Lcvy: Zelt. f. kiln. Med., Bd. xxxlil, S. 269, 1897. 
i^Ghedinl: Centralbl. f. Bnkt., Bd. xxxlv, S. 721, 1903. 

“ Magnus-Levy: Loc. eit. 

“ Lange: Zeit. f. Oeb. u. Gyn., Bd. xl, S. 34, 1899. 

BO Moubsu: C. r. do la Soc. de biol., vol. vi, p. 241, 1899. 
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As thyroid gland promotes catabolism by increasing, through 
the test-organ and the adrenals, the jn’oportioii of adrenoxidase, 
nucleo-proteid, and trypsin in the blood, it augments its supply 
of auto-antitoxin.* Being capable also (as opsonin) of sensitiz- 
ing directly pathogenic germs, thus insuring their destruction by 
phagocytes and the plasmatic antitoxin, thyroid gland fulfills the 
two conditions which the body requires to defend itself elTectively 
when infection has occurred.* The blood’s antitoxic constituents 
being, moreover, the bodies which convert the physiological 
wastes, broken-down cells and all other detritus into benign, 
eliminable products,* they also prevent the formation of inter- 
mediate products, i.e,, toxic wastes* — the pathogenic agents in 
gout and disorders related thereto, including convulsive diseases, 
eclampsia, tetanus, etc. 

Howell,®^ alluding (1905) to the prevailing views as to the func- 
tions of the thyroid apparatus and their secretion, writes: “Excision or 
atrophy of these bodies results in a loss of this secretion and a con- 
sequent malnutrition or perverted metabolism in other tissues of the 
organism. According to the other point of view, less gcmcrally held, 
the function of these bodies is to neutralize or destroy toxic substances 
formed in the metabolism of the rest of the body.*' Interpreted from 
my^ standpoint, both these views are sound, since the identical process 
which sustains nutrition and metabolism, is that which insures neutral- 
ization of toxic substances. We have seen that the role of the thyroid 
in metabolism is supported by a multitude of facts; this applies as well 
to its function in the destruction of poisons, the latter function being — 
us I view it — but an exacerbation of the former. 

Recent clinical observations have extended the defensive fuhetions 
of the thyroid to general infections. Thus, Roger and Garnier“ examined 
the thyroid glands of .*13 cases after death from various infections, scar- 
let fever, measles, diphtheria, sraall])Ox, typhoid fever, cerebro-spinal 
meningitis and septic meningitis. Congestion and hypertrophy were 
found in all. The clinical histories did not include pain in the iliyroid. 
They suggested that these local disorders might be due to overactivity 
of the gland having for its purpose the destruction of the specific poisons. 
Odoacre Torri®* also found that during infectious diseases the gland 
was overactive and that it secreted an inordinate amount of colloid 
secretion. lie noted, moreover, a marked epithelial proliferation, which, 
from my standpoint, means an abundance of iodine-laden leucocytes. 
In common with other investigators, however, he erroneously regards 
the colloid itself ns the bactericidal product and the excessive secretion 
as a defensive process. 

Vincent®® observed enlargement of the thyroid in rheumatism 
and regards it as “an expression of increased function to antagonize 

* AutJior'a conclusion, 

w Howell: “T. B. of Physiol.,*' p. 774, 1905. 

"Roger and Oarnicr: Presse m£d., vol. vU p. 181, 1890. 

"Odoacre Torrl: Pollcllnico, vol. vll, pp. 145, 226, 280, 1900. 

" Vincent: Bull, et mdm. do la Soc. m6d. dcs hOpitaux de Paris, 3 sdrle, 23 
annee, p. 698, 1906. 
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infection.” He found the organ sensitive and enlarged in 11 out of 17 
cases of typhoid fever, in which these signs appear early. The results 
obtained by Leo|)old-L6vi and de Rothschild''* in 100 cases to which 
they administered thyroid extract also led them to conclude that the 
thyroid **actcd as a regulator of nutritional ferments as well as of the 
defensive ferments” of pancreatic origin, in accord with the view 1 had 
advanced over two years earlier. They point, moreover, to the fact that 
thyroid insulliciency predisposes to infection and auto-infection. Morin® 
also empliasized recently the defensive rflle of the thyroid as shown by 
the liability to tuberculosis and other infections of individuals suffering 
from congenital inyxcedema. In .348 ordinary cases of tuberculosis, 102 
showed marked atrophy of thc»thyroid. lie regards this phenomenon as 
the main cause of the* prominence of the thyroid cartilage in these 
cases. Such cases fared badly, as a rule, while those in which the gland 
was normal or enlarged yielded promptly to remedies. Bonnet® has 
already observed that in cases of athrepsia, the addition of small doses 
of thyroid extract to the usual remedies and diet measures, promptly 
turned the tide in favor of the patient, while Reid Hunt,** found that 
thyroid feeding rendered “white mice much less susceptible to the toxic 
action of acetoiiitril.” 

The marked increase of colloid which Roger and Gamier and 
Torri observed under the inlluencc of infectious diseases corresponds 
with that of Wright’s opsonin formed under the influence of inocu- 
lations with tid)erculin and kindred l)odiGs. Opsonin and thyroidase, 
as r have pointe<l out, being one and the same substance, thyroidase, 
when we administer thyroid gland, we contribute opsonin directly to 
the blood. As thyroid gland also promotes active metabolism by 
stimulating the test-organ, we have precisely the effects produced by 
inoculations, since it is through a similar process that they cause the 
appearance in the blood of what Wrignt has termed “hacteriotropie” 
substances. Hence the fact that, as I have myself observed, thyroid 
extract is an effective agent in the treatment of tuberculosis and other 
infections. 

Untoward Effects. — Small closes administered at too short 
intervals, or large therapeutic doses cause the blood-pressure 
to fall, although the proportion of auto-antitoxin in the blood 
may not be sufficient to cause luemolysis, and thus normally to 
awaken the protective intervention of the depressor nerve.* 
Tliis is due to the fact that the thyroiodasc which tlie thyroid 
preparation introduces into the blood, by accumulating therein, 
gradually raises directly the excitability of this nerve.* 
Though stimulated artificially, the nerve fulfills its normal 
role, and by causing vasoconstriction of the arteries of the 
pituitary and thyroid, inhihits their functions.* Less thy- 
roiodase and adrenoxidase (whicli jointly aid in sustaining the 
vascular tone) being secreted, the arteries relax passively.* 


* A uIhur'H convluftton. 

Levi and de Rothsehlld: C.-r. dc la Soo. dc Biol., vol. lx, p. 971, 1906. 
"“Morin: La Presae mM., vol. xiv, p. 623, 1906. 

"" L. Bonnet: Semalnc m^d., vol. xxili, p. 212, 1903. 

"♦Reid Hunt: Jour, of Blolog. Chemistry, vol. i, p. 33, 1905-06. 
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Oliver and Schilfer, Haskovcc, Glcy, Liinglois, and several other 
investigators have all found that experimental — and therefore large- 
doses of thyroid extract caused vaso<lilation and lowered the blood- 
pressure. Human thyroid extract produces a similar effect as observed 
by Guinard and Martin,"® who iised the thyroid taken from an executed 
criminal, immediately after death. Tne inlluence on the vessels is very 
prompt: B^la yon Fenyvessy®* found that it lowered the blood-pressure 
in rabbits, beginning a few seconds after the injection. Patta"’ found 
that thyroidin lowered the blood-pressure in a manner directly opposed 
to suprarenin. 

If the use of large doses is persisted in, the excessive 
vasodilation produced by tlie remedy becomes such that, in 
accord with Marey’a law,* the rapidity of the heart-beats, i.c., 
the pulse, is greatly increased. The blood being caused to 
accumulate in the groat central trunks, the splanchnic area, 
the quantity circulating through the lungs is reduced* and, 
the absorption of oxygen being inadequate,* dyspntca ensues, 
and sometimes cyanosis. General oxygenation, owing to this 
cause and to the diminution of adrenoxidase,* being lowered, 
the heart’s action becomes irregular. The skeletal muscles being 
affected in the same way,* general weakness, trembling and 
muscular pains (owing to the accumulation of toxic wastes) 
may be complained of. Vertigo, mental depression may like- 
wise occur. 

When the cutaneous arterioles are also dilated, they admit 
an unusual volume of blood into the capillaries;* causing 
superficial congestion, hyperthermia, pruritus and tingling. 
A similar condition of the gastric capillaries causes nausea and 
vomiting; of the intestines, diarrhoea; of the brain, insomnia; 
of the meninges, headache. These symptoms are usually tran- 
sitory if the use of the remedy is discontinued, but if it is per- 
sisted in, it may produce syncope. The morbid symptoms 
sometimes persist after withdrawal of the drug. Exertion, 
when large doses of thyroid gland are being used, is danger- 
ous, owing to the deficient nutrition and weakness of the cardiac 
muscle. 

Various other symptoms have been recorded: transitory aphasia 
with monoplegia and unilaternl anscsthesia (Becl^re) ; epiloptoid con- 
vulsions (Henry) ; a condition resembling uraemia (Schmidt), etc. Two 
fatal results were reported by Murray; two by Vennehrer; one by 
Foulis; one by Stabel — ^l)ut all in cases of myxtedema in which the 

• Author* fi oonrhtstion. 

"Guinard and Martin: G. r. de la Soc. do biol., 10 sdiie, vol. vl. p. 161. 1809. 

"Bfela von FenyvesBy: Wien. kiln. Woch., Bd. xlll, S. 125, 1000. 

" Patta: Inaug.-Dlaaert., Pavla, 1904. 
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doses were large. Many others have boon reported. Popoff,* who 
refers to these cases, states, however, that thyroid preparations pro- 
duce “deplorable elTects capable of causing death not only in myxeedema- 
tous subjects, but also in cases of obesity, psoriasis and even in healthy 
subjects.” Georgiewsky,"" even in animals killed by the drug, found, in 
accord with Murray’s observation, that the thyroid gland was “pale, 
yellowish and diminished in size,” although there was pronounced 
atrophy of the adipose tissue and of the muscles and intense congestion 
of other organs, the kidneys, bulb, brain, etc. This points to the se- 
quence of events: (1) violent hypercatabolism of the body constitu- 
ents which arc always the drst to yield, the fats; (2) reaction of the 
depressor; (.3) death through the presence of enough thyroidaso in 
the blood to excite violently the depressor and cause it to paralyze the 
pituitary lx)dy and thyroid gland by unduly constricting their vessels. 

Therapeutics. — As this feature of the subject has been 
treated at length in the first volume (pages 708 to 787 inclu- 
sive) only a brief reference will be introduced here. 

The use of thyroid is deemed dangerous by some. In truth, 
there are but few remedies whose effects can be controlled 
with more accuracy, if the symptoms it provokes are watched, 
and if fresh preparations of tliyroid are used. Small doses, to 
IY 2 grains (0.03 to 0.1 gram) of the desiccated gland, seldom 
prove excessive. The pulse may be raised slightly, and there may 
be a rise of temperature of to 1° F. (0.3 to O.G® C.) , but this is 
not due to abnormal action ; it is the result of enhanced metab- 
olism — an expression of the remedy’s beneficial or ‘^toiiic” 
action. Conversely, when larger doses are given, such as those 
emplo-yed in the treatment of obesity (beginning with 2 grains 
[0.13 gram] three times daily and gradually increased), the 
hypercatabolism to which the reduction of flesh is due keeps 
the patient on the verge of depressor action, and, more or less 
suddenly, the pulse becomes faster. Instead of being firm or 
somewhat harder than usual, as is the case when the ^^tonic” 
phase of thyroid action prevails, the pulse is softer and yields 
readily to pressure. The patient may complain of vertigo, 
weakness and palpitations, etc., altogether a symptom-complex 
indicating functional torpor — though the face may be flushed 
by dilatation of the arterioles. The two conditions arc radically 
different, therefore, and the danger signals of depressor action 
are clearly defined.* It is always best to discontinue the dnig 
when the latter occur, and resume only with smaller doses. 

• Author* s conclusion. 

" Popoff: Arch. gen. de mdd., Oct., 1899. 

•• OeorglewHky : Lov. Hi. 
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Murray^® also states that “the earliest and most common symptom 
is the increased frequency of the pulse. Other symptoms are violent 
palpitation, fine tremor of the hands, flushing and moisture of the skin, 
and, in case of large doses, emaciation.” Kasterbrook,^^ after using 
thyroid gland in about 100 cases in suffleient doses to produce thyroid- 
ism, concluded that “indubitably” it was “a profound catabolic stim- 
ulant.” 

The principles formulated in the foregoing pages account 
for the beneficial effects thyroid preparations have afforded in 
various disorders’^ — 

Their mode of action in myxmdema and creiinism is self- 
evident, since by enhancing the irritability of all cells and 
stimulating the adrenal functions, thyroid preparations supply 
the organism with precisely the two sources oj^ energy that 
incite and sustain the vital process. In the various diseases 
due to lowered catabolism or the accumulation of toxic wastes 
in the blood, such as tetamj, puerperal eclampsia, epilepsy, the 
disorders of menopause, asthma and rheumatoid arthritis, their 
beneficial effects are but the counterpart of their action after 
thyroidectomy: by promoting catabolism, they insure the con- 
version of the pathogenic elements into readily climinable end- 
products. Exaggeration of this process accounts for the 
emaciation caused in obesity and its benefit in Dercum^s disease, 
adiposis dolorosa. The nutrition of osseous tissues and the pro- 
cesses of repair being enhanced, the improvement observed in 
osteomalacia, rickets, osteomyelitis and delayed union in /rac- 
tures is also easily accounted for. Their action on the adrenal 
center leading to the accumulation of adrenoxidase in the blood, 
explains their efficacy in hcemorrhages of various kinds and 
hajmophilia, since adrenoxidase is the fibrin ferment,* the under- 
lying factor in the formation of the blood clot. 

In infections, including asthenic pneumonia,* the exanthe- 
mata of childhood, tuberculosis and typhoid fever, the value of 
thyroid preparations — in small doses — is readily explained. 
They attack directly the pathogenic organism by rendering it 
vulnerable to the attacks of phagocytes and the blood^s auto- 
antitoxin — and insure the work of destruction by stimulating 
the test-organ, the goveniing center of the body’s defensive 
iiieclianism.* (See also Thyroid Organotherapy, vol. i, p. 708.) 


• Author's conclusion. 

™ Murray: Lancet, March 18, 1899. 
Easterbrook: Lancet, Aug. 6, 1898. 
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MERCURY. 

Physiological Action. — Whether administered by the 
mouth, injected subcutaneously, or rubbed into the skin (dis- 
solved therein by the constituents of the sebaceous secretion), 
mercury and its salts arc taken up by leucocytes and carried 
to all tissues. 

Although toxic rlTects occur after the ingestion or inhalation of 
metallic mercury, this metal cannot, as shown by Hermann,” penetrate 
normal epithelium in any part of the body. The metal is found con- 
densed upon the epithelium. This was confirmed by lloffmann, Rohrig, 
Rilrensprung, Neumann and Fleischer, and others.” The reason for this 
becomes ])lain in view of the fact that it is taken up by leucocytes. 
Conti and ZueeoJa” found tliat mercury, whether administt^red by tho 
mouth or hypodermically, was alwaj’s carried to the tissues by these 
cells. We have seen in the preceding ehapt<*r that Stassano, Besredka 
and Montel had also observed that they ingested mercurial salts, includ- 
ing calomel, introduced into the blood by injections or inunctions. 
Montel” ascertained, moreover, that this role was carried on by tho 
neiitrophiles and the large mononuclears. This was confirmed by Col- 
let,” who found also that lymphocytes and the red corpuscles took no 
part in the process. Stassano” isolated the red corpuscles from the 
leucocytes and found mercury in the leucocytes only. Carles” reached 
a similar conclusion. Almkwist” holds that in the intestine mercury 
forms a sul])hide with suljdniretted hydrogen, and observed leuco- 
cytes containing fine yellow granules of the sulphide bi^twcen the epi- 
thelial cells of the intestine. He also found this sulphide in the blood, 
lymph and tissue fluids. As other observers, including Rindfleisch ami 
Fiirbringer'*" and C'hittenden'** have fouTul mercury in solution in the 
body juices in the form of albuminates, the metal, in the light of the 
foregoing facts, must be derivcul from the tissm;s into which they have 
been secr(*ted by their normal carriers, tlfo hmcocytes. Barthe and 
Mongour” conclude that the mercury must first destroy these cells 
to l»c liberated, but the evi<lence I have submitted sufliciently demon- 
strates that such destruction is unnecessary. 

That mercury does not act directly u]ion the tissues is shown by 
the fact that it may accumulate in the organism, and remain prac- 
tically inert therein. Referring to the labors of Vajda and Paschkis,** 
Schuster,'^ Ralzer and Klumpke,"* and others. Wood"” states that "the 
evidence in favor of the storing up of mercury in tjie system is over- 
whelming.” 
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The various salts of mercury owe their therapeutic value 
to the energy with which they stimulate the test-organ.* In 
minute doses they promote nutrition, i.e., act as a tonic, 
because, by stimulating the test-organ, they increase the secre- 
tory activity of the adrenals, and enhance, therefore, general 
oxygenation and metabolism.* The function of the pan- 
creas, 'the thyro-parathyroid .apparatus and the Iciicocytogenic 
organs being correspondingly activated, the quantity of auto- 
antitoxin in the blood is augmented.* 

Its powerful stimulating action on the adrenal center is shown 
in various ways. Like all lesions of the anterior pituitary attended with 
local hyperffiiriia, mercury provokes glycosuria. 

Saikowsky” found that “mercury diabetes lasts longer than the 
other artifically-produced diabetes, persisting sometimes eighteen days” 
after the causative doses. It was also noted by Reynoso, Rosenbaeh, 
Rouchard and Cartier.“ It is commonly observed in rabbits, when too 
large doses (which paralyze the adrenals) are avoided. As emphasized 
by Cartier, it is not by causing grave hepatic lesions that mercury evokes 
diabetes; as I have shown,®® a marked excess of adrenoxidase in the 
blood is the cardinal hictor In its production, since this greatly enhances 
the functional activity of the pancreas, and, therefore, the production 
of amylopsin, the ferment which converts glycogen into sugar. That the 
adrenals arc hyperactive was ascertained by Moulinier,®" who found 
the adrenals intensely congested in slow mercurial poisoning, and invari- 
ably hypertrophied. He observed, moreover, that in subjects who suf- 
fered from slow mercurial intoxication, even minute doses of adrenalin 
hastened death; and moreover, as a corollary to this fact, that indi- 
viduals to >vhom mercury and adrenalin were given simultaneously died 
sooner than when adrenalin was given alone, lie concluded, therefore, 
that the action of mcr<;ury is added to that of adrenalin. The reason 
for this is obvious: the mercury doing harm by overexciting the adren- 
als, adrenalin added fuel to the fire, the excess of adrenoxidase — the 
albuminous haemoglobin — ^l)eing of course the harmful agent. Under 
these conditions mercury should prove useful in conditions attended 
with . deficient haemoglobin. Semmola"*^ noted that in syphilitics, the 
haemoglobin rose markedly under mercury, within seven or eight days. 
As shown by Ccrvello®® the same effect is produced in animals. 

The stimulating action of mercury on the pancreas is illustrated 
further on. Tliat on lymphatic organs is sufficiently marked to have 
led Jullien*® to ascribe to it the striking effects of this drug in syphilis. 
That leucocytogcMiesis is aotively stimulated was conclusively shown by 
the experiments of Koslowsky.’” .Not only was the proportion of older 
cells reduced, but that of young cells was increased. Kupferwasscr®* 
found that the number of young leucocytes in the blood was considerably 
increased in normal subjects, and in syphilitics when the treatment was 
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not too prolon^d. A contrary effect is produced, however, when the 
drug is taken in toxic doses, t.e., in sufficient quantities to depress the 
test-organ. 

The experimental investigations upon the influence of mercury 
on metabolism that have been recorded arc worthless in that the ruling 
element of the problem, the relative influence of dosage, was not taken 
into account, the animals thus receiving toxic doses which paralyzed 
the adrenal center in practically every instance. The clinical evidence 
on the subject is alone instructive, therefore. Levi,”® in a study of 252 
patients suffering from syphilis, '^found that the mercurials increase 
organic combustion and hasten metabolism in this condition,” a proof 
that the blood’s asset in auto-antitoxin is increased. That nutrition 
is enhanced is shown, moreover, by the increase of weight observed by 
Li6gpois,” Armaingaud and Martin-Damourette,”® while Keyes,” Wil- 
l)Ouchewitch, Gaillard, llaycm, Robin, anri others noted besides this, 
a marked increase of red corpuscles. Similar results were obtained by 
Schlesingcr*” in dogs and rabbits. 

This accounts for the fact that various preparations of mercury, 
calomel particularly, have always occupied a high place among the 
agents known to abort disease. Daly, of Pittsburgh, found calomel of 
great value in diphtheria, recommending its use until the stools became 
green. Illingworth^®’* found the biniodide or calomel extremely effective 
for the jugiilation of various infectious diseases such as scarlet fever, 
diphtheria, measles, chickenpox, pertussis, typhoid fever, pysemia, puer- 
peral fever, etc., and his observations in some of these diseases have 
been confirmed by Dukes, Neale, Lloyd Brown, and others. 

The immunizing process is most active in the liver, an 
action which becomes manifest when sufficiently large doses of 
mercury to produce purgation are given. Mercurial purga- 
tives do not, as generally believed, produce their effects by 
increasing the secretion of bile — which is a mere epiphe- 
nomenon when it occurs — but by increasing the germ- and 
poison-destroying properties of the hepatic blood.* The green 
stools produced are rich in biliverdin, t.e., adrenoxidasc.* 

It is believed by many that mercury produces its beneficial effects 
by increasing the biliary secretion, but the investigations of Pfaff and 
Balch, and Joslin,’” have shown that the bichloride and calomel not 
only do not increase the How of bile in patients with biliary fistula, but 
that they tend rather to decrease it. This indicates that the beneAt 
derived from mercury is due to the greater antitoxic activity of the 
hepatic blood and not to an increase of Aiiid. Again, when calomel is 
administered to healthy individuals Jn suitable doses, green liquid 
stools, as is well known, are produced. The belief that this was due 
to an increase of bile was eventually replaced by the view that the 
color was the result, as suggested by Traube and StiI15, of the presence 
of a mercurial compound. But the analyses of Simon,’” Golding Bird,’” 
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and Mich6a'^ failed to show that the metal was present in any form. 
The investigations of Simon and Mich6a revealed an important fact, 
however, viz.: tlie presence in the stools of bile pigments, and partic- 
ularly hiliverdin, in large quantity. As 1 have shown in various parts 
of this work,^^ however, bilirubin is oxidizing substance, t.e., adren- 
oxidase; the large quantity of bilirubin in the stools is evidently due, 
therefore, to excessive activity of the adrenals. 

‘ The antitoxic process carried on in the liver under the 
influence of a mercurial purgative is supplemented by a similar 
process in the intestine.* The excess of adrenoxidase in the 
blood raises the secretory activity not only of the pancreas, but 
also of all the intestinal glands.* A large volume of intestinal 
juice rich in pancreatic juice, nucleo-proteid and adrenoxidase, 
i.a., in auto-antitoxin similar to that in the blood, is thus pro- 
duced, which flushes the intestinal canal and sterilizes it.* 

The manner in which the various components of the intestinal 
juice are produced and their physiological function have been reviewed 
in the fourteenth chapter, to which the reader is referred. The stim- 
ulating influence of mercury on the pancreas is gcmerally recognized. 
Potter,^” for instance, states that in full doses, continued, the prepara- 
tions of mercury “overstimulate the glands, especially the pancreas.” 
In a case reportcnl by Copland,*®* in which death occurred during exces- 
sive salivation, the pancreas weighed, post-mortem, four ounces, was 
red and congested, while its ducts were dilated. Arnozan and Vaillard*** 
observed marked evidences of overactivity in the pancreas of rabbits 
treated about one month with corrosive sublimate. 

The powerful stimulating action of mercury on the test- 
organ, i,e., on the adrenal center,* renders it a powerful cardiac 
stimulant. The adrenal secretion not only sustjiins the func- 
tional activity of the right heart, but the improved oxygena- 
tion of the entire body increases the nutrition of the organ.* 
Again, by stimulating catabolism, it also relieves the blood of 
any excess of wastes,* and thus antagonizes undue arterial ten- 
sion and vascular resistance. 

Murray'*® regards blue pill, 6 grains (0.3 gm.) every night, as 
•'the basis of treatment in all cases of weak, dilated, irritable and 
irregular heart where there is resistance in the arterial system.” Sir 
WllUam Broadbent, Allbutt, Dickinson, Morison"*' and others have all 
recommended small doses of mercury to reduce “impedimental condi- 
tions of vascular tension.” William Pepper has also emphasized the 
value of mercury in heart failure. 
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Mercury is an energetic diuretic. This is due (1) to the 
fact that it increases considerably the intrinsic metabolism of 
the kidneys, and, therefore, their functional activity — as it 
does that of all other organs — and (2) to the passage through 
the kidneys of an unusual proportion of excretory products, 
including a portion of the drug itself. Its prolonged -use 
exposes the kidneys to grave disorders. 

Rosenheim”* found, in experiments upon dogs, that when mercury 
acted as a diuretic, it did so by stimulating the renal epithelium, and 
by Hushing the renal vessels. Bieganski”* and Stintzing”'^ and others 
also attributed the local lesions directly to the metal. Fiirbringcr,”'^ 
in a study of the statistics of the subject, found that 8 out of 100 
syphilitic subjects suffered from nephritis when under mercurial treat* 
inent, but that withdrawal of the drug was usually followed by recov- 
ery. Swan”® reported a case which had reached the stage of paren- 
chymatous nephritis in which the urine, examined at short intervals, 
was found to contain mercury one year and twenty-nine days after the 
last dose liad been administered. In a case of sublimate poisoning 
observed by ChaiilTard”^ there was complete; anuria during live days. 

H. C. Wood, Jr.,”* observed hffiiuorrhagic nephritis in several cases of 
corrosive sublimate poisoning. 

Untoward Effects. — The therapeutic dose of mercury. 

I. C., the quantity tliat will stimulate sufficiently the test-organ 
to protect the body against infection, is very small.* Beyond 
this limit excessive oxygenation of the blood occurs and diges- 
tive activity of the auto-antitoxin becomes such that it pro- 
vokes more or less serious disorders.* This is due to the fact 
that while the adreno-thyroid center is stimulated very actively 
(through tlic test-organ) by mercury, the proportion of thyroid- 
ase produced is only sufficient to excite the depressor nerve 
(thus inhibiting the formation of auto-antitoxin) when the 
metal is taken in very large or toxic doses.* 

The earliest indication that mercury is being given in 
excess is mlivaiion, due to undue stimulation of the salivary 
glands. The intrinsic metabolism becomes such* that enor- 
mous quantities of saliva arc sometimes voided. Tlie glands 
often become enlarged and tender. Evidences of increased 
general metabolism,* slight fever and restlessness may also 
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appear at this time, accompanied by increase of tendon reflexes, 
and, in rare eases, by hallucinations. 

While the stimuhition of the teat-organ, which indirectly increases 
the auto-antitoxin in the blood, is brought about by the mercurial car- 
ried directly to that organ by leucocytes, the bulk of the drug which 
is secreted in the tissues by these cells, is converted, as is well known, 
into an inert albuminate. Chittenden,”'^ for instance, writes as the 
result of a careful study of the question: “Just how the solution ot 
mercury by the body juices is effected, and what part is played by the 
albuminous constituents, we cannot say, but that solution is effected 
and the mercury eliminated us an albuminate seems to be true.” As 
it is this compound which circulates in the pituitary body, the test-organ 
is not caused to react. 

The proteolytic activity, to which the intestinal juice owes its 
bacteriolytic and antiseptic properties, may be sullicient in cases of 
|)oisoning to cause lesions in intestinal mucosa, by a process similar to 
that of hieinolysis in the blood proper. These lesions are now attributed 
to a direct action of the mercury, but such is cwidently not the case 
when even large therapeutic doses are ta’ en, for they may be produced 
when mercury is applied externally. In Sackur’s fatal case,''*^' for 
example, a single inunction sufliced to provok(> them. In Audry’s case'-* 
hypodermic injections of the metal caused numerous ulcers in the intes- 
tine, etc. Interesting in this connection is a cas(^ reported by Alfred 
Berliner**- in a syphilitic woman, six months pregnant, in whom inunc- 
tions caused violent enteritis. On withdrawing tlie drug the latter dis- 
appeared, but recurred at once on resuming its use. After delivery, 
however, the inunctions produced no ill effects. The use of mercury has 
often been pointed out as dangtwous in pregnant and puerperal women. 
The reason for this is self-evid<*nt, in view of the fact that during preg- 
nancy, “the anterior lobe of the pituitary body” as shown by Comte, 
Launois and Mulon,**® is “in a manifest condition of hyperactivity.” 
As mercury violently stimulates precisely the anterior pituitary (the 
test-organ), and the symptoms of mercurial poisoning are those of 
excessive activity of the adrenals, it is only normal that mercury, dur- 
ing pregnancy or parturition (the anterior pituitary remaining active 
until all toxic wastes in the body are destroyed), should cause poisoning. 

As to salivation, the rrde of adrenoxidase in the process of exces- 
sive auto-antitoxin formation is well illustrated by the fact that 
adrenal extract in toxic doses W'os found by Gourfein*-* to cause saliva- 
tion, among other symptoms, in animals. Taramasio**® also, observed 
frothing. As mercury acts by stimulating the adrenal mechanism, the 
cause of this symptom is obvious. Cushny,**® who refers to the fact 
that many liters of saliva are sometimes poured out in twenty-four 
hours, suites that “the salivation and stomatitis which arc so frequently 
seen under mercurial medication arc obviously not due to the local 
action of the drug on its way to the stomach, for they oc;cur eqiually 
readily when it is applied by hypodermic injection or by inunction.” 
Nor are salivation and stomatitis due to a local effect of the remedy 
while being ingested, since they occur as readily when mercury is 
used by hypodermic injection or by inunction. Indeed, Bockhart,*” 
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de Renzi/^ Galippe'” and others found that the local application of 
mercurial preparations cured stomatitis due to ingested mercury. 
Nemser'”^ ascertained experimentally, through gastric iistuls, that the 
gastric juices had little or no effect on calomel, even when the salt was 
left in the stomach over an hour. 

Mercurialism. — When the therapeutic use of mercury is 
injudiciously prolonged and in subjects who are exposed by 
their occupations to the continuous absorption of this met.il, 
another order of phenomena is introduced, i.e., those due to 
chronic poisoning — another manifestation of uncontrolled 
metabolism.* 

The earliest symptoms of this condition include a metallic 
taste, soreness and swelling of the gums, a bluish-red or gray 
color along the peridental sulci and the fmtid breath which 
mark the onset of active mercurialism. Unless the use of the 
drug ceases, the destructive process extends downward and 
around the teeth, causing these to fall out; gangrene of the 
gums and jaws, and hsemorrhages may then ensue. The 
tongue, the entire mucosa of the mouth, especially where it 
overlies considerable soft tissue, ix., the cheeks and lips, 
undergo a similar destructive process. If the use of the drug 
be persisted in, death may follow from exhaustion and inani- 
tion. If its use be stopped when the ulcerative process has 
penetrated the cheeks, the patient remains scarred and dis- 
figured. 

Gastro-intestinal disorders, anorexia, nausea, vomiting, 
gastric pain, colic, diarrhoea alternating with constipation, and 
intestinal ulceration similar to that observed in the mouth are 
also observed. Marked anaemia and pallor, emaciation and 
great muscular weakness occur, even though gastro-intestinal 
disorders be mild, and death mav ensue. 

All these phenomena arc due to excessive oxygenation 
and to the proteolytic activity of the blood^s auto-antitoxin.* 
They are especially marked where the epithelium of the gums 
is destroyed by the contact of "tartar,’^ carious teeth, etc., and 
the underlying elements are exposed to the air.* The adren- 
oxidase being greatly in excess in all tissues, the air furnishes 
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an endless quantity of oxygen to its catalytic agent, t.e., the 
adrenal principle, and the gums and other tissues are destroyed 
through a local digestive process.* 

The destructive process is very active in the blood, owing 
to the presence of adrenoxidase in the plasma, and of the red 
corpuscles, which deal out adrenoxidase as fast as needed to 
sustain the morbid process.* lioth the red corpuscles and the 
leucocytes are actively digested, and the general nutrition is 
correspondingly impaired, 'fhe broken-down cells, etc., being 
no longer converted into elirninable j)roducts, they form the 
fatty, fmtid substance foujul in the vessels after death. 

I'hat the proteolytic, i.c., digestive activity of the Mood, is greatly 
increased by mercury has lanm siifhcieiitly emphasized by the evidence 
already submitted. The morbid effects are evidently not due to a local 
action of the drug, since it is most liktdy to occur when it is given 
by inunction. The rCde of adrenoxidase in the morbid process is also 
shown by the pernicious inilucncc of comomitantly-givcn adrenalin, 
emphasized by Aloulinier.^*' 

The oxidizing action of the blood-fluids on mercury has been 
repeatedly noticed by investigsitors. It has, in fact, been considered 
A necessary factor of its combination with the albumins of the tissues, 
into which, we have seen, it is siHJretcd by the leucocytes after being 
submitted to the action of the ferments — including adrenoxidase — in 
these cells. Thus, Hermann'*'-* states that “we must suppose some sup- 
plementary oxidation as a result of the tissue juices.^’*'’* (hishny'** also 
states that “even the metal may be oxidized and absorbed w'hcn it is 
applied to the living surfaces or injected into the blood in a state of 
fine division.” 

That the destructive action cannot be a lo(*al one is shown by the 
smallness of the dose that is capable of producing it, along with gen- 
eral phenomena. Thus Lewin’** reported the case of a man who, after 
a subcutaneous injection of grain (0.010 gm.) of salicylate of mer- 
cury, had stomatitis, with ulceration, together w'ith acute nephritis 
(anuria and albuminuria). The temperature rose to 40° C. (104° F.) 
and death was barely averted. The bin iodide employed in intra- 
uterine injections, I to .3000 solution, caused acute mercurial poisoning 
in a case of Young’s.*®" Tnunctions of the gray ointment are particularly 
dangerous in this connection. Out of 6.30 cases in which mercurial 
ointment was used by the medical ofTieer of a workhouse in Belgium*" 
to rid the inmates of vermin,. .50 w^ere made very ill, one case proving 
fatal, although the (pinntity used was but a trifle more than a drachm 
(4 gms.). Kraus’** observed a ease in which, after the second hypo- 
dermic injection of 0.1 gm. (IV 2 grains) of calomel, intense intestinal 
symptoms accompanied by perforation and anuria, occurred. Repeated 
l-gi*ain (0.06.5 gm. ) doses of calomel used hypodermic?ally, caused death 
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in a case observed by Runeberg.'^ The old and feeble are especially 
vulnerable to the toxic action of mercury. 

In the blood it is not the albuminate of mercury that does the 
harm, but as stated, the excess of auto-antitoxin which provokes hsmo- 
lysis. That haemolysis affecting both the leucocytes and red corpuscles 
occurs under the influence of toxic doses of mercury was observed 
experimentally by Detre and Sellei*^ and others. Again, “the blood 
suffers very decidedly,” says Wood,^" “becoming more fluid and watery 
than normal.” “According to the researches of Wright,” continues the 
author, “its solid constituents are notably diminished, including albu- 
min, fibrin and the red corpuscles, and it contains a large quantity of 
feetid, fatty material.” 

Nervous Disorders. — The exaggerated proteolytic activ- 
ity of the plasma, besides reducing the proportion of the 
blood^s corpuscles, entails an untimely eonsumption of granu- 
lations secreted by the .leucocytes, including those supplied to 
the neurons and the myelin throughout the entire nervous sys- 
tem, and to the muscular elements.* The interferenee with 
nutrition thus caused may be followed by muscular weakness, 
or by some form of paralysis or shaking palsy when the 
destructive action becomes -marked. In individuals whose 
occupation exposes them to the eonstant absorption of the 
metal, the latter may occur before other symptoms of mer- 
curialisin, oven stomatitis, appear. The muscles of the upper 
and lower extremities, then those of the face and tongue, are 
successively involved until the patient^s every movement is 
carried out tremblingly. 

The brain being likewise imperfectly nourished,* vertigo, 
hallucinations, insomnia and headache, and in some cases con- 
vulsions, owing to accumulation of toxic wastes, are observed. 
The mental phenomena are peculiar: the patient is abnormally 
irritable, timid and morose, melancholia ultimately developing 
in some instances. The senses are more or less influenced; 
anosmia, amblyopia and deafness being sometimes noted. 
Pains in the muscles, along the nerves and in the joints, and 
areas of ana?sthesia arc to be found in practically every case. 

The observation of Wright, that the blood’s solid constituents are 
notably diminished, including albumin, fibrin and the red corpuscles, 
has bron confirmed in animals by Wilbouchewitch’^* and Hughes Ben- 
nett.*“ “Fibrin” here is obviously fibrinogen — the absence of which 
accounts for the fluidity of the blood and the predisposition to hsmor- 
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rhoges noM in mercurialism. Wood^^ says, for instance, that *‘in these 
cases passive hsemorrhages often recur again and again, and may con- 
tribute largely to a fatal issue.” 

Charcot'" considered trembling palsy as typical of hydrargyrism 
among the toxaemias of metallic origin. That, in addition to the 
haemolysis previously referred to, the destruction of myelin also occurs, 
was emphasized by Letulle,^" who noted absence of the sheath composed 
of this substance in the peripheral nerves. As it is to the reaction 
between the phosphorus-laden myelin and the oxygen-laden adrenoxi- 
dase of the axis-cylinder that, as I have pointed out, the formation of 
nerve energy is due, their functions are necessarily impaired. The axis- 
cylinder was found unharmed, however, by this investigator — ^a normal 
result, since, as I have shown, it contains only adrenoxidase-ladcn 
plasma. The other constituents of auto-antitoxin being absent, the 
adrenoxidase is harmless. 

Acute Poisoning. — This is usually due to the ingestion of 
corrosive sublimate. When a large toxic dose of the salt has 
been taken, the first symptoms are usually localized in the 
tissues over which the poison passes, these being the seat of 
marked irritation or corrosion. A sharp metallic taste, a burn- 
ing sensation in the mouth, pharynx, oesophagus and stomach, 
nausea and vomiting follow one another in more or less rapid 
succession, the vomited matter often containing blood. There 
is also violent diarrhoea with tenesmus, the stools containing 
shreds of mucous membrane and blood, accompanied by severe 
pain in the stomach and abdomen. 

Sooner or later the symptoms of general poisoning appear: 
there is great prostration, the pulse is soft, small, rapid, and 
perhaps irregular, the respiration is shallow and rapid, the 
skin grows cold and clammy, there is almost complete anuria, 
tlie temperature is subnormal, and the patient passes rapidly 
into coma, dying sometimes within an hour. This constitutes 
the symptom-complex of excessive activity of the adrenal system 
and of the intense vasoconstriction (due to hypermetabolism in 
the vessel walls, especially the muscularis) which results. The 
caliber of the vessels which admit blood into the pituitary, thy- 
roid and heart being greatly reduced, the functions of these 
organs are inhibited, and the vital process is arrested.* 

When the quantity ingested is not very large, the gastro- 
intestinal symptoms occur, but the prostration fails to lapse 
into coma, the constriction of the arterioles being inadequate 

• Author* a concluaton. 
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to arrest the vital functions. Within a period varying from 
one to twenty-four hours, therefore, the symptoms described 
under ^^Mercurialism^^ ap])ear, including, in some cases, marked 
trembling. Tlie remil symptoms are very marked, and sup- 
pression of urine may begin witliin a few hours (owing now 
to acute nephritis, in whieli the convoluted tubules arc mainly 
involved) and persist to the end. In most instances the anuria 
disappears within twenty-four hours, but the urine is then 
found to contain, if the intoxication l)c suHlcicntly severe, 
liyaline and epitlielial casts and more or less all)umin. The 
salivation, stomatitis and glossitis are no less iiiarked than in 
mercurial ism. 'J'he convalescence may last several weeks, dur- 
ing which the patient may lose several teetli, a large quantity 
of hair and become considerably enuudated. 

When the poison is ijitroduced into the system tlirough 
wounds, with the dressings, or throiigli mucous surfaces, the 
vagina or rectum, by injec^tions, the gastro-intestinal disorders 
appear nevertheless, but later in the liistory of tluj case, and 
generally along with the renal symptoms. 

The corrosive action of bichloride of mercury, especially on mucous 
membranes, is well known. Even the skin may succumb to it. “When 
very strong solutions come in contact with tender parts of the skin,” 
says Cushny,”’ “and in particular, when the salt itself is allowed to 
lie in contact with it for any length of time, d(*(fp corrosion, necrosis 
and sloughing may follow.” 

The process through which the other symptoms described are pro- 
duced is similar to that which prevails in “mcrciirialism.” 

This identical corrosive action is that which causes the bichloride 
to act with greater violence than the other salts of merenry, as a toxic. 
Hcing transmitted to the test-organ by l(Micocyt<’s, it is ])robal)lo tliat 
it reaches this organ but slightly, if at all, modilied by the auto-anti- 
toxin in these cells, since, as observed by Stassaiio,''^ the, sublimate in 
leucocytes derived from the blood of dogs i>oisoned with this salt, can 
be converted into the red iodide by approju’iate treatment. Again, 
though as stated by Carlcs^^“ notwithstanding the “marked resistaince 
to the action of poison.s whicli kill all other cells,” they are themselves 
killed or weakened under the influence of very a(dive |)oisons. In acute 
poisoning, therefore, the sudden invasion of the blood by the toxic 
endows it with almost as active irritating properties as the toxic itself. 
Such blood is no longer, like the albuminate, an inert agent, and its 
action on the adreno-tbyroid center being active in proportion, so great 
a volume of auto-antitoxin aeciimiilates in the blood that the vascular 
disorders described in the general text are produced, lienee the intense 
capillary hyperflemia observed in various orgsins, and the erythema, 
dermatitis, (edematous swellings, etc., to which merenrializntion gives rise. 


Ciishny: Lor. cH., p. 643. 
Stassano: Lor. cit. 
Carles: Loc. fit., p. 86. 
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The ireatment of poisoning ig mercury is described in a 
special section at the end of this volume. 

Therapeutics. — The beneficial effects of mercury are 
obtained with doses Avhich increase sullicicntly the auto-anti- 
toxin of the blood to destroy the cause of the disease, whether 
it be a microorganism and its toxins or endotoxins, toxic waste 
products, etc.* When this limit is exceeded, mercury is a 
poison: it raises the functional activity of the adrenal center 
to siudi a pitch iliat the body’s auto-protective system is con- 
verted into an auto-destructive system.* 

In syphilis, a disease in w'hich, owing to the mode of infec- 
tion, tlic adrcJial system is for a time inactive,* each case 
recpiires a given quantity to excite tlie test-organ, and this 
quantity must be carefully adjusted to the needs of the condi- 
tion presejit, the object l)eing to raise the immunizing potential 
of the blood to the d(»groe required to destroy the pathogenic 
elements, but not b(;yond.* 

lias boon iiho< 1 in sypliilis by soino clinicians on the gen- 
eral principle that the <|uantity inirodviced into the system would 
ant4igoniz(; a correspondingly active morbid j)roccss.* Being a formid- 
able malady, it is tliought that “a greater impression is made on the 
disease*” — using tin* words of a recent writer — when large quantities 
are administered by inunetioiiH, snbeiitaneoiisly, etc. As will be shown, 
Ibis is (piite unnecessary and may prove very harmful. 

Owjjig to tli(i cxtorjial use of jncrcurial preparations as 
antiseptics, the belief that tliey might act similarly in hilious- 
ness, gaslro-enlcrilis, summer diarrhau, etc., has caused them 
to be tried, and, in many instances, with gratifying results. 
I’ltese sliould not be attributed to a direct action of the prep- 
arations used, but to tlieir intiuence on the test-organ, and to 
the bacteriolytic and antitoxic action of the blood’s auto-anti- 
toxin, the production of whicli they promote.* By enhancing 
metabolism, small doses have likewise proven valuable in 
ancemia, slhenic infiammalion, and kindred disorders. 

This is well shown in the condition known as **hiliousnes8,** due 
to hypocntabolism of physiological toxic wastes; 10 grains (0.66 gm.) 
of blue mass, followed by a saline aperient to remove any excess of the 
drug in the intestine, promptly corrects this disorder by stimulating the 
body’s auto-protective mechanism. Such a large dose is not needed, 
however, to insure this action: Vi« grain (0.0065 gm.) of calomel w'ith 
a^ little soda bicarbonate every hour, five times, will act as efiiciently, 
since a minute dose suffices to excite the test-organ. If fiushing of the 


• Auihor*a conclusion. 
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intestine is desired, i.e,, a copious flow of antitoxic intestinal juice in 
addition to the hepatic action, larger doses: V® to V® grain (0.01 to 
0.03 gm.) every 15 or 30 minutes until 1 or 2 grains (0.065 to 0.1 
gm.) are taken, may be ordered. In the gastro-enteritia djae to the 
presence of fermentative toxic products of di^stion Vm to V«o grain 
(0.0013 to 0.001 gm.) doses of the yellow oxide in sugar of milk, or 
in the summer diarrhwa Vaoo grain (0.C0013 gm.) of the bichloride 
every hour in' solution until relief is obtained, are very effective through 
a similar process. In gastric irriiaiion from the same cause, or where 
there is also vomiting^ either in adults or children, Vioo grain (0.00065 
gm.) of the bicldoride is often curative given every hour five times, 
then at longer intervals; provided, of course, dietetic errors be corrected. 
In gastric ulcer Voo l-o Vao of the bichloride before meals promotes 
cicatrization of the ulcers. 

To increase the nutrition in asthma, especially in children in 
whom the stools are pasty and ill-smclling, Voo grain (0.001 gm.) given 
every hour five times, and rei)eated at one wetik’s interval, is very bene- 
ficial. The powder may be mixed with a little sugsir and applied to 
the tongue. In anwmia V«> to V 4 ft grain (0.001 to 0.0016 gm.) of the 
bichloride three times daily is of recognized value. Mercurials were 
long in favor to count<?ract sthenic inflammation, but, except in iritis 
due to syphilis, are now seldom employed. The use of excessive doses 
accounts for this fact, very small doses alone being indicated. 

The bacteriolytic and antitoxic activity which the blood 
and the intestinal juices acquire under the influence of mer- 
curials, accounts for the beneficial effects observed in various 
infectious diseases, typhoid fever, diphtheria, acute tonsil- 
litis, puerperal septiccemia, etc. 

In typhoid fever German practitioners give 10 grains (0.66 gm.) 
of calomel daily for three days. Others have also found that small 
doses, Vio grain (0.0065 gm.), four limes in the twenty-four hours 
diminished considerably the intensity of the disease and its duration. 
The Germans regard the drug as an antipyretic, owing to the effects 
observed. In the light of my views the reduction of the temperature 
is due to the fact that the pathogenic organisms and their toxins are 
greatly reduced through the increased activity of all immunizing pro- 
cesses. Among others, Roiidot’®® observed a decided shortening of the 
disease in 21 cases, and diminution of the severity of the symptoms by 
the use of Vn grain (0.005 grn.) of bichloride daily, divided in very 
small doses given at short intervals. 

Ackley’*' found that a mixture of Via to Vio grain (0.005 to 0.0065 
gm.) of the biniodide and 10 grains (0.66 gm.) of saccharated pepsin 
every six hours checked the marked symptoms and greatly shortened 
the duration of the disease. 

Bcfor.e antitoxin— which should always be given the preference 
when available — ^was introduced, one of the most effective agents in 
diphtheria was calomel in large doses. The cyanide, '/loo to '/» grain 
(0.00065 to 0.0013 gm.), every hour, or the bichloride, to Vio grain 
(().0016 to 0.0065 gm.), can be given one or two days, even to children, 
with less danger of causing salivation. The simultaneous use of 
depressing drugs should be avoided. 


w Rondot: Gaz. heb. des Scl. m£d.: Boston Med. and Surg. Jour., Feb. 23, 
^Ackley: Pittsburgh Med. Rev., June, 1890. 
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Daly'*” recommended Reiter’s method: 2 to 5 grains (0.13 to 
0.3 gm.) of calomel every hour until the stools acquire a greenish hue, 
when the intervals are len^hcncd. SelldCm'*” reported 1400 cases treated 
by colleagues and himself with the cyanide of mercury, in whicli the 
mortality was only 4.9 per cent. A teaspoon ful of a 1 in 10,000 solu- 
tion was given every half to one hour, according to the age of the child. 
The importance of avoiding other drugs is that various agents that have 
been tried in diphtheria tend to depress the protective functions. 

Among other disorders distinctly influenced by mercurials 
owing to the increase of immunizing substances their use pro- 
vokes, arc acute tonsillitisy puerperal septiccemiay the exanthe- 
mata of childhood, and cerebrospinal meningitis. 

IODINE AND THE IODIDES. 

Physiological Action. — Iodine and its preparations, in 
whatever way administered, are taken up by the leucocytes, 
and it is through the intermediary of these cells that they — 
or rather the substjinces into whicdi the leucocytes convert 
them-— penetrate into the circulation. The thyroid and para- 
thyroid glands being the organs which utilize iodine for the 
elaboration of their secretion, thyroidase, all the iodine ingested 
with foods is distributed to these glands. When iodine or its 
preparations are administered, however, tliesc organs do not 
necessarily utilize the quantity ingested; as iodine is one of 
the substances which the body stores for future use, they admit 
only enough blood (and, tliercfore, iodine-laden leucocytes) to 
supply their momentary nccd.*^°^ As a result, the thyroidase 
cannot become overricdi in iodine; its sensitizing influence on 
all the cellular elements of the body, including those of the 
pituitary, and its stimulating action on the test-organ of the 
latter are always the same under normal conditions.* If from 
any cause, however, the food fails to supply enough iodine to 
satisfy the needs of the thyroid apparatus, therapeutic doses 
of this halogen prove beneficial through this apparatus, by 
enabling it to restore to the blood what proportion of thy- 
roidase it may be lacking.* 

The main therapeutic action of iodine and its prepara- 
tions, however, is of another kind. It is due to the direct 
action of the iodine compound (secreted by the leucocytes 

* Author* a conclusion. 
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which have failed to be admitted in the thyroid and parathy- 
roid) upon the test-organ and stimulation of the latter.* As 
this causes overactivity of the adrenals and a corresponding 
increase of adrciioxidase in the blood, general metabolism 
becomes more active. As a result, nutrition is improved, the 
processes of repair are hastened, and the bacteriolytic and anti- 
toxic powers of the blood are greatly enhanced.* 

Therapeutic doses of iodine, or its salts, do not cause 
emaciation, and do not inlluence either the blood-pressure or 
the pulse. 

The inaniier in whieh iodine is taken np by the leucocytes in the 
intestinal canal and the blood; the relationship between these cells and 
the thyroid apparatus, and, finally, the mode of action of the iodine- 
laden secretion of the latter on the test-organ, were treated in the pre- 
ceding chapter. 

As to the influence of iodine upon metabolism, Nothnagel and 
Rossbach,'“ alluding to the (*irccts of the io<lides on nutrition, write: 
“During a certain period the conviction that iodine and potassium iodidi^ 
produced emaciation was such that all tne theories on the mode of 
action of iodine were based on that idea. But this view has been 
actively combatted (Ricord, Boinet, Wunderlich), and it was finally 
conclmled that K I not only did not cause emaciation, but that, con- 
versely, it caused fattening.” In truth, both views arc sound. As 
stated by Manquat:'*”* “Emaciation is an inconstant symptom, it is 
true, but it is often witnessed, especially with larger doses than 2 gins. 
(30 grains) daily. With very small doses (0.25 gm. — 4 grains) it 
is not only not to be feared, but there occurs greater activity of tlu 
circulation, and secondarily of the nutrition, particularly of the myo- 
cardium.” In other words, large doses produce emaciation and small 
doses enhance nutrition. This corres|X)nd8 with the apparently con- 
tradictory results as to the excretion of nitrogenous and other wastes: 
While Rabiiteau, Milanesi and Bouchard,^” TTenrijcan and Corin,'“ and 
others, noted an increase of nitrogen output, Handfield Jones,^®® in a 
series of six eases, noted an increase in only three patients, while the 
other three showed a decrease — ^all taking large doses of iiotassium 
iodide. 

All these discordant observations assume a normal aspect in the 
light of my views: when the doses are small the test-organ is stini- 
ulateil just enough to enhance nutrition, while large doses, by stimulat- 
ing it too actively, excite hypcrmetaliolism, t.c., excessive consumption 
of tissue elements and wasting. That such is the case is further shown 
by the fact referred to by Wood^"® and Cushny,^®** that iodine sometimes 
causes fever. 
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“Though wo ascribe to it alterative virtues,” says Griffin,'®* “we 
are thereby not much nearer an understanding of its action, thoueh 
some pronounced action over nutrition and its disorders it certainly 
does possess.” 

As hypermetabolism involves the presence in the blood of an 
excess of auto-antitoxin, the blood’s bacteriolytic and antitoxic efficiency 
is increased in pro^Kirtion. It is likewise richer in phagocytes, as shown 
by Heinz'®® and Sclileich.”** So aedive, in fact, can the blood become as 
an immunizing agent that excessive doses can provoke hiemolysis. Thus 
Henri jean and Corin found that 1 gm. (15 grains) of sodium iodide 
reduced the red corpuscles from 6,250,000 to 4,125,000 in the rabbit, in 
twenty-four hours. Hcile also observed that iodoform caused aiitolysis. 

Therapeutic doses of iodine or of its preparations do not influence 
the blood-pressure or the pulse. Stockman and Charteris'"® state that, 
although ordinary doses of sodium or potassium iodide cause no change 
in the strength or rapidity of the pulse, “reference to text-books on 
pharmacology and therapeutics shows that most authors attribute to 
the iodides a depressing cH'ect on the circmlation and blood-pressure, 
while only a minority hold tliat there is no adequatt; proof of this.” 
Using von Hasch’s sphyginomanoineter and (hirtner’s tonometer, they 
studied the blood-tension and pulse-rate of numerous patients who, for 
one reason or another, were taking potassium or sodium iodide. 
Although the doses taken ranged from 15 to 180 grains (1 to 12 gms. ) 
— one, in fiud, 300 grains (20 gms.) — ilaily, “in no case did any fall 
in the blood-pressure occur, or any cliange in the rhythm of the heart.” 
Similar resoiirches were underUiken by James llurnet'"® in a variety of 
cases, including aneurism, arteriosclerosis, angina pectoris, asthma and 
tertiary syphilis, potassium iodide being given by the mouth. He 
observed “no effect whatever, cither upon the pulse- rate or blood-pres- 
sure within the arteries.” The hypodermic use of iodipin was also 
studied. “In no case,” says the author, “was the blood- pressure altered; 
nor was the heart’s rate or rhythm affected. Kspccially, I found that 
the heart’s action was never increased nor depressed, and that the pres- 
sure within the radial artery, when markedly high to begin with, was 
never lowered, even after a proloiiginl use of the iodipin injections. 
Still, all the same, T had good results in nearly all my eases.” 

Iodine and its preparations not only do not^ as shown 
above, cause vasodilation cither in large or small doses, but 
they provoke constriction of all vessels, arteries and veins, 
bet;ause these vessels are supplied with a muscular coat, and 
owing to the excessive metabolism which they incite indirectly 
in this, the contractile layer of these vessels.* This morbid 
phenomenon is aggravated by another factor: the presence in 
the blood of suflicient iodine to irritate the intima, a feature 
which, in itself, tends to promote constriction in vessels sup- 
plied with vasomotor nerves. What has been mistaken for 
general vasodilation is dilation of the capillaries.* These 
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delicate vessels not being supplied with a muscular coat or 
vasomotor nerves, are not morbidly influenced as are the 
others,* but they suffer indirectly: the arteries and veins, by 
contracting inordinately, drive the blood into them and cause 
passive dilation.* So great is the pressure in some cases, that 
the plasma is forced out of the capillary walls in relatively 
large quantities — sufficient, in fact, to cause oedema of the face, 
larynx, pleura, lungs, etc., and even to provoke their rupture, 
as shown by the ecchymosis, haimorrhages, haematuria, purpura, 
menorrhagia, metrorrhagia, (‘te., witnessed. 

E. Cyon^®' also lays stress on the fact that it is a grave error 
to consider iodine as a vasodepressor. The prevailing view that iodine 
and its preparations lower the blood-pressure is due to a deplorable 
habit (deplorable in the sense that it has (iontributed greatly to obscure 
our knowledge of the action of all drugs) into which experimenters 
have fallen, of taking as standard the poisonous effects of a remedy for 
its therapeutic action. Thus I have before me the protocol of experi- 
ments by an eminent therapeutist in which 0.25 gm. (3Vio grains) per 
kilo of animal are a<lmihistered to rabbits to illustrate the therapeutic 
action of potassium iodi<le. An equivalent dose to an average adult (70 
kilos) W'ould thus be 17.5 gms. (270 grains). Of course, he obtained 
vasodilation in five minutes — but dilation of the capillaries only, as 
we will sec. Now, SC»e and Lapicque’** found that certain proportions 
of the various iodides per kilo of animal were necessary to produce such 
vasodilator effects. Adapting their figures (the first column) to an 
adult of 70 kilos, the proportions used by the unnamed investigator to 
exemplify the therapeutic action of the drug, would be those given in 
the second column: — 



Example of exoc i- 
mcntal “ tlierapeutic” 
dose in aiiiiiialH. 

Equivalent of supposed 
tlienipeiitk” dose in 
adult man. 

lodido of Sodium 

0.32 gm. 

22.4 gM'H. — 34G grains 

ludido of Sodium 

0.30 “ 

21. •* -- 324 “ 

Iodide of Stroiilluni 

0 .32 “ 

22 4 “ ^ 346 •• 

Iodide of C i kill m ...... 

0.24 “ 

16.8 “ r. i.'lO 

Iodide of Potassium 

0.27 “ 

18.9 “ -- 291 “ 

Iodide of Potassium 

0.23 “ 

16.1 *» 248 “ 


Such a dose, suddenly thrown into the circulation, in no w^ay 
illustrates the mode of action of iodine preparations used therapeu- 
tically, especially when administc*red orally — not even when large quan- 
tities are given. Prevost and HineP“® and others who have observed 
“vasodilation” specify, moreover, that it was produced by large doses. 

As to the irritating influence of iodine (accumulated in the blood) 
on living elements, it is not only exemplified by the irritating action of 
iodine on the skin and mucroiis memoranes, but also by the irritation 
attending its elimination through the skin, kidneys, etc. As to its 
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influence on vessels, von ZeissF" found that when iodine was injected 
into the carotid of dogs, the blood-pressure rose intensely, producing 
cedema not only of the brain, but also of the lungs. This is ascribed 
to a direct action on the vessels. Although violent stimulation of the 
test-organ doubtless assisted in provoking such excessivti vasoconstricr- 
tion, the fact remains that the local irritation contribuitHl materially 
as cause. The production of excessive vasoconstriction is well shown 
by a case of fatal ])oisoning following the injection into an ovarian cyst, 
reported by Hose.*” At the autopsy he found that even comparatively 
large arteries w'ere comj)lctely <K?cluded. Bogolopoff,”- on tin? other 
hand, observed microscwpicallj'^ that in frogs, into which a solution of 
potassium ioilidc had been injecUid, the capillaries were markedly 
dilated. 

The production, of fcdema and interstitial haemorrhage could be 
illustrated by a large number of cases on rtjcord. In a case rejiorted 
by Milian,*” for example, 6 gins. (90 grains) daily brought on at the 
end of six days, an ecjchymosis and large submucous haemorrhage of the 
palate. Wallace"* observed pleural exudation and pulmonary oedema 
after prolonged treatment. G^Mema of the glottis may be brought on 
by 45-grain (3 gm.) doses (Fenwick), or much larger doses; but 
smaller doses have also caused it: 15 grains (1 gm.) in cases reported 
by NClaton, Fournier, Huchard, Rosenberg; or small doses in cases 
reported by Fournier, La Harceric and Guillemet. In all these cases, 
of course, the remedy, had been used during a more or less prolonged 
period. The brain may also become hyperaiinic. Sokolowski,*” in ani- 
mals trephined after the administration of largii doses of potassium 
iodide, found the cerebrum gorged with blood. This accounts for the 
observation of Rilliet that iodine could cause a sort of drunkenness 
attended with cxcib^mcnt, tinnitus, palpitations and even convulsions, 
and for the cases of cerebral haemorrhage reported by llallopeaii."* This 
excessive vasoconstriction may even entail death, as in a case observed 
by Franz,"’ in which 1 gm. (15 grains) doses led to acne, ulceration 
of the nares, abscesses, etc., and finally death by double hydro thorax and 
pulmonary (rdcnia. 

lodism. — This condition is due to the ])resence of an 
excess of iodine in the blood over and above tlie aggregate of 
this halogen required by the body at large.* This aggregate 
is represented by the iodine contained in the thyroid and para- 
thyroids, the red corpuscles (which take up their thyroidase) 
and what reserve the body fluids and the different organs can 
accommodate. 

Although, on the whole, large quantities of iodine or its 
salts, whether given in one dose or in niiany small doses, are 
more likely to cause iodism than small quantities, the question 
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of dose is subsidiary to the condition of the patient, A very 
small quantity may thus produce iodisin merely because the 
patient's asset in iodine is up to its maxiininn limit* — his 
supposed ‘^iodiosynerasy.’'* This is particularly tlie case in 
subjects whose thyroid apparatus is only able, owin^i^ to local 
disorders (goiter, for example) or delicient development, to 
take up a small proportion of this halogen.* Any condition 
which inhibits more or less its excretion also predisposes a 
patient to iodisin, by causing his asset to remain high.* 

The two physiological eifecls of iodine on the test-organ 
(the direct action jilus the sensitizing aclion of the thyroidase 
wdiich acquires its normal (but not maximmn) power during 
the use of iodine) causing it to react violently^ the adrenals are 
stimulati;d with corresponding vigor and, the excess of iodine 
in the blood aiding, a])normal vasoconslriction, produced in the 
manner desc^ribed, occurs. Tliis abnormal vasoconstriction 
is the direct factor in tlie produclioii of iodisin, and may give 
rise to four classes of morbid phenomena: (1) jiassive engorge- 
ment or congestion of all cajiillaries ; ('2) (edema, when the 
engorgement becomes exceswsivc; (3) ecchymoses and luemor- 
rhages when the walls of tlie capillaricjs are ruptun‘d; and (1) 
arrest of function and nutrition wlien tlie vasoconsiriciion is 
such as to redu(‘e or arrest the How of blood to the tissues. 

The group of morbid idienomena due to capillary (uigorge- 
ment includes:* in the respiratory tract, coryza, antral and 
frontal pain, pharyngrtis, tonsillitis, cough, lioirseiicss, tracheo- 
lironchitis and pulmonary cong(?stiou; in the nervous system, 
headache, insomnia, delirium, neuralgia, neuritis, pleurodynia; 
in the muscular system, myalgia, tremor, twitching and spasm 
(the spinal centers being likewise hyjiera'mit;) ; in the organs 
of special sense, conjunctivitis, dacryocystitis, tinnitus aurium, 
deafness, perversions of taste; in the digestive system, gastric 
irritation, vomiting and diarrluea; in the skin, pruritus, ery- 
thema and dermatitis; in the urinary system, polyuria, 
albuminuria and nepliritis; in the glandular organs, salivation, 
parotitis and hepatitis with icterus. Less fre(|ueni1y seim arc 
the cedematous infiltrations: (edema of the larynx, palate, pleura 
and lungs, and of the lids, lips, neck, and even the entire sur- 
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face. Rupture of th(3 capillaries under the stress of the blood- 
pressure is denoted by more or less extensive eccliynioses some- 
times involvin^^ large areas, epistaxis, haemoptysis, haeinaturia, 
menorrhagia and lucmorrhagic purpura. 

The fourth group, due to excessive initial vasoconstrietion, 
thus obliterating oi* reducing more or less local blood-supply 
and depressing fuiiclional activity,* includes as to the brain, 
somnolence, intellecuial tor[)or, vertigo, loss of memory, hebe- 
tude, hyi)0(diondria, and melancholia; as to the spinal system 
and muscles, adynamin, muscular Haccidity, incoordination, 
paralyses, a sensation ol! weight in the limbs; as to the ali- 
mentary canal, constipation; as to the skin, cyanosis, ulceration 
and necrosis. Xutrition may thus be impaired sufTicicntly under 
the prolonged use oC icKlides to produce atrophy, especially of 
tlie juamnue and tesliedes. 

Cutaneous eruptions of various kinds, papular, vesicular, 
eczematous, erysipelatous, pustular, etc., may appear during 
the administration of iodine or its salts, especially of the 
potassium iodide. The presence of several of these eruptions 
coincides with that of other symptoms of iodism and with 
abnormal vasoconsiriction ; they arc due to the fact that the latter 
condition, by causing retention of the drug in the capillaries 
of the skin, promotes therein disorders similar to those pro- 
duced by external api)lications of iodine. The multiplicity of 
cutaneous disorders is due to the presence in these capillaries 
of diiferent kinds of wastes: alloxuric bases, hypocatabolized 
cellular debris, various acids, etc., caxdi of which affects the 
cutaneous elements iji its own way. The underlying cause of 
all these erujdions, therefore, is the same as in all phenomena 
witnessed in iodism, viz., abnormal vasoconstriction.* 

All tlu'se ])henomena, and the excessive (lonstriction of the 
arteries, would not occur were iodine able to excite the thvro- 
]n*essor nerve.* Ihit such is not the case. Even when taken 
in doses sufficient to produce acute poisoning, iodine and its 
j)reparalions fail to increase the secretory activity of the 
thyroid.* Were it, in fact, otherwise, this organ would waste 
its product whenever its own pabulum, iodine, would enter 
the blood.* 
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That retention of iodine must prove deterimental is suggested by 
the proportion eliminated. In a case treated by U. C. Wood*^* 205 
grains (17 gms.) were recovered daily by Marshall from the urine alone, 
out of 3G0 grains (24 gins.) administered. According to Wood, “S5c 
states that the elimination is apt to be irregular, so tiiat the drug may 
accumulutc in the system.” Cuahny'** says, moreover, that among the 
conditions ^Vhich favor the onset of symptoms, is a slow excretion of 
the iodine such as is observed in some forms of renal irritation.” 

As to the quantities of iodine or its salts which produce iodism, 
the comprehensive researcli of Briquet*^® in several liundred cases, led 
to the conclusion that “the greater the dose of any iodide, tlie greater 
the likelihood that iodiain will appear, and that the symptoms will be 
severe” — contrary to the prevailing opinion. lie cites, moreover, cases 
reported by Brc?sgen, Nt^grc and Petitjean in which large doses would 
produce it, while smaller doses would not. According to my own 
interpretation of its effects, the nearer the patient’s condition approxi- 
mates normal health, the greater are the chances of his developing 
iodism. 1 have not only observed this fact clinically, but Ricord, Juflicn 
and Wood, acconling to Briquet, have observed that syphilitics appear, 
on the whole, to be practically immune to the morbid effects of the 
iodides as compared to others. There is no doubt, moreover, that very 
small doses can produce iodism in accord with the prevailing view. In 
one of my goitrous eases, less than 1 mipim (0.065 c.c.) of the tincture 
of iodine daily produced it; Uillict'"^ observed that even sca-air and 
cod-liver oil sufficed to awaken morbid phenomena in these cases. 
Oautier*®* confirmed the observation as to the influence of the sea-shore, 
and refers to a case in which poisoning followed “the application of 
iodine dressing to a tooth by a dentist.” The reason for tliis becomes 
self-evident if interpreted from my standpoint. While Baumann'** found 
thf4t the ainount of iodine in the thyroid was greatly reduced when this 
organ was diseased, Kwald'*” observed that in advanced colloid, d<*gen- 
eration of tlie gland only traces of iodine were present. The loss of 
the body’s great storehouse for this halogen accounts for its accumula- 
tion in the blood aiul the readiness with which morbid phenomena are 
produced. This indicates how the organism rc.sents even minute quanti- 
ties when they e.\<'e{'d the physiological limit. Indeed, irrespective of 
the presence of goiter, small doses may also provoke iodism. Hynes'*^ 
reported a case in which 3-grain (0.2 gm.) doses brought on hiemor- 
rhugic rash; and IT. C. Woo(l'“® one in which 6 grains (6.4 gm.) daily 
brought on violent conjunctivitis with facial oedema. 

The presence? of iodine in the cutaneous secretions has been shown 
by R. W. Taylor,^” and other observers have found it in the saliva, nasal 
secretion, milk, etc. Its morbid influence in the production of the cuta- 
neous disorders during elimination is generally recognized. Cushny'** 
whites: “That a similar action on the skin may be induced by iodine 
and iodides is shown by the application of iodine to the skin, being often 
follow'cd by eruptions which are not confined to the point of applica- 
tion, but spread.” That toxic wastes must be retained as well as the 
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Iodides in the cutaneous capillaries hardly needs to be emphasized; their 
influence in tlie pathogenesis of eruptions is also well-known. 

The list of symptoms observed in iodism could be considerably 
lengthened — sufliciently so, in fact, to show that the three degrees of 
passive capillary hyperiemia: the simple, exudative and haemorrhagic, 
can be provoked by iodine and its preparations in all organs. The fact 
that such an array of phenomena can be explained by this one general 
mechanism, affords in itself conclusive proof of its soundness as an 
explanation of iodism — cspeciiilly in view of tlie fact that the physi- 
ological action of iodine has remained unknown. 

Acute Poisoning.— ^When a poisonous dose of iodine is 
taken, a sense of severe burning in the pharynx and oGsophagus 
is soon followed by nausea, retching and vomiting, and ulti- 
mately by cramps and, in some eases, purging. These are purely 
local phenomena due to the caustic action of the drug. 

When a large quantity of iodine passes into the blood, 
the general vasoconstriction, described in the preceding pages, 
becomes such that all functions arc inhibited, including those 
of the heart, owing to narrowing of the coronaries and other 
cardiac arteries.* The heart-walls being no longer supplied 
with enough blood to sustain their functional activity,* their 
contractions weaken, and the pulse becomes frequent, feeble 
and thready. This condition is aggravated by the concomitant 
constriction of the arterioles >vhich supply the pituitary body 
and the inhibition of all the functions carried on by this 
organ.* Great weakness, anuria and cyanosis appear and death 
occurs from heart-failure. If the patient survives, the acute 
vasoconstriction of the arterioles becomes less marked, and the 
blood, driven to the periphery by the contracted central vessels, 
floods the superficial capillaries,* csiusing marked flushing and 
even blotches resembling exanthematous patches, haemorrhages, 
etc., though the temperature remain low. If death does not 
occur, the acute symptoms may be replaced by those of iodism 
and the patient lingers for some time, dying more or less 
suddenly of cardiac inhibition.* Recovery occurs in a large pro- 
portion of cases, however, when the dose taken is not exces- 
sively large. 

The morbid process in acute poisoning differs from that of the 
fourth group of “iodism” only in that the hypercoiistriction comes sud- 
denly and with probaibly greater violence. I have shown elsewhere*"* 
that the belief of physiologists that the coronaries are not supplied with 
vasomotor nerves is erroneous. This question is reviewed in a succeed- 
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ing chapter, where a microphotograph shows beyond question the exist- 
ence of such nerves. All the arteries of the body being constricted 
simultaneously, the caliber of the arteries of the pituitary is not reduced 
as greatly as it is when their contraction is due to depressor impulses. 
The morbid effects on the other orgiins, the heart, for instance, stand 
out, therefore, more prominently. The secondary hyperiemia, exanthe- 
matous patches, etc., referred to have been observed by several clinicians 
to follow acute poisoning. 

The treatment of poisoning hy iodine is described in a spe- 
cial section at the end of this volume. 

Therapeutics. — The foregoing interpretation of the phy- 
siological action of iodine and the iodides accounts for their 
marked value in diseases characterized by impaired metabol- 
ism, defective nutrition, certain infections and chronic inflam- 
matory process in whicli resolution is delayed. In gout, rheu- 
malisrn, asthma and disorders of the menopause, their benefi- 
cial effects arc due to the fact that by increasing the auto- 
antitoxin in the blood, the pathogenic toxic wastes are not 
allowed to accumulate. In syphilis, tuberculosis and scrofula, 
their power to promote phagocytosis also comes into play, the 
bacteria, their toxins or endotoxins, being combatted by the 
same constituent — antitoxic and bacteriolytic — which is caused 
to accumulate by injections of tuberculin or hindered sub- 
stances. Even parasites may be destroyed by the digestive 
activity which the blood acquires through iodine and its salts, 
as shown by its remarkable effects in actinomycosis. In torpid 
processes, such as chronic bronchitis, pleuritis or endocarditis, 
the curative action of these valuable agents differs in no way 
from the above: by increasing the activity of metabolism, they 
promote nutrition and process of repair, while simultaneously 
insuring the destruction of the detritus and of any pathogenic 
germ that may be present — all this, while protecting the body 
against renewed infection.* 

The doses indicated differ in each case, since its action is 
dependent upon the asset of the organism and the condi- 
tion of the test-organ. If the patient’s asset is up to the 
maximum, as is often the case in normal subjects, small doses 
suffice to raise the functional activity of the test-organ and, 
therefore, the defensive properties to a high degree of effi- 
ciency.* If conversely his asset is small, his thyroid poor in 
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iodine-laden cells, and his test-organ is torpid, conditions 
essentially present in syphilis and various disorders accom- 
panied by paralysis,* large doses arc necessary, first to replenish 
the thyroid and enable it in turn to supply the red corpuscles 
and all cells with enough thyroidase to endow them with the 
normal irritability, and second to awaken the test-organ from 
its lethargy.* 


ADRENAL EXTRACTIVES. 

(Adrenal Extract, Adrenalin, Epincphriii, Siiprarenalin, etc.) 

Physiological Action. — When a therapeutic dose of an 
adrenal active principle, adrenalin, epinephrin, etc., or that 
embodied in adrenal extract, is introduced directly into the 
blood, it increases, in proportion to the quantity administered, 
the catalytic and oxygenizing properties of the haemoglobin, 
and the activity of cellular interchanges — the vital process 
itself — is thus enhanced.* This effect is shown prominently 
in conditions such as surgical shock in which all functions are 
markedly depressed. 

The influence of tlie drug on nfietabo1i»m is well shown by the rise 
of temperature it causes. Reichert*"" observed that adrenal extract 
caused an elevation of 1® F. in rabbits, accompanied by increased meta- 
bolic activity. L<?pine*®* states that the increase of i>1f>od- pressure 
caused by adrenal extract is always followed by a rise of temperature. 
Morel'"* noted that it caused in guinea-pigs a rise of from 0.9® to 1.8® F. 
Again, Kinnaiiian,’"® in a wraprehensivc study of the temperature rela- 
tionship to shock, concluded that as shock increased in severity, the 
most uniform and progressive factor was the fall in temperature. He 
states that “in one series fof eases] the fall in temperature was the 
sole cause of shock.” The results of Crile*"^ with adrenalin in salt- 
solution given very slowly and gradually for a considerable time thus 
find a normal explanation. He supplied the organism precisely with 
the substance which sustains the vital process in the tissue cells. He 
also resuscitated animals in this manner — with simultaneous artificial 
respiration — fifteen minutes after all signs of life had ceased, and was 
able to keep a decapitated dog alive over ten hours by this same pro- 
cedure. 

Hy enhancing the catalytic and oxygenizing properties of 
the blood, and therefore tissue metabolism, adrenal extractives 
provoke directly effects that are produced indirectly through 
the adrenals, by drugs and poisons capable of stimulating the 
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test-organ.* The functional activity of all organs — includ- 
ing the Icucocytogenic structures and the pancreas — being 
enhanced, the blood is provided with an increase of phagocytes 
and of plasmatic auto-antitoxin.* Adrenal extractives thus 
increase the jmnninizing properties of the blood. 

Byelaventz^"® found experimentally that adrenalin first increased 
the gasonus interchanges. This shows that it becomes an inherent fac- 
tor of the blood’s oxygenizing constituent. This action is evidently 
widespread, for loteyko''*^ noted that adrenalin increased markedly the 
contractility of muscles under electrical excitation. Battelli, moreover, 
found that during fatigue the proportion of adrenalin in the adrenals 
was diminished, while conversely Dcssy and Grandis'®’ observed that an 
aqueous solution of adrenal extract injected into the exhausted animal 
restored the contractility of its muscles in from 2 to 8 minutes, and 
rendered them more resistant than before the experiment. 

That the adrenals cause, in some way, the destruction of blood- 
poisons has asserted itself so prominently that various investigators, 
Abelous and Langlois,'®® for example, consider it as their only function. 
This is the basis of the so-called “auto-intoxication” theory. Indeed, 
these investigators, and also Albancse, having observed that animals 
deprived of their adrenals rapidly succumbed to a short exertion, they 
concluded that it was the secretion of the adrenals which neutralized 
the muscular toxic wastes. This theory has failed in its main feature, 
however, for there is no foundation for the belief tlia t the secretion itself 
destroys these poisons. Interpreted from my standpoint, Abelous and 
Langlois’s theory assumes another aspect: the adrenal secretion being, 
as adrenoxidase, a constituent of the bacteriolytic and antitoxic triad 
trypsin, and the one which endows it with its quality as a ferment, the 
antitoxic power of the blood gradually diminishes after extirpation of 
the adrenals (since the animal lives a short time on what adrenoxidase 
his blood happens to contain), and the muscular toxic wastes being less 
and less destroyed, accumulate in tlie blood. Hence the fact that exer- 
tion after removal of the adrenals hastens, as we have seen, the lethal 
issue, while the ])Ost-oporative use of adrenal extract, as first shown 
by Brown -S(?quard,'®® prolongs life. Scliiifer'^ states, moreover, that 
“the transfusion of normal blood into the veins of Mecapsulcd’ animals 
tends markedly to prolong their survival of the operation.” In other 
words, in whatever form the active principle of the adrenal secretion is 
introduced, it increases the antitoxic power of the blood — precisely as 
is the case when the test-organ is stiniubited by a poison. The diges- 
tive (antitoxic) power of the blood — including phagocytosis — may be 
so increased, in fact, that destruction of the' blood-cells themselves will 
occur. Thus Ijoeper and Crouzon®** observed that injections of adrenalin 
into the blood first caused leucocytosis, then hffiinolysis. Nor does this 
apply only to toxic muscular wastes, for Meltzer and Auer®” found that 
the intravenous injection of adrenalin renders a rabbit resistant to a 
surely fatal dose of strychnine. 
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When applied locally to mucous membranes, adrenal ex- 
tractives produce blanching through local iscdiajinia. This is 
due to the fact that they excite very active local metabolism 
in all the tissues into which they penetrate.* The muscular 
elements of the arterioles and veins being thus caused to con- 
tract to their utmost limit, the access of h ood to tlie cellular 
elements is prevented.* The energetic (;onsumptioii of cellular 
materials which this excessive constriction entails,* is some- 
times sufficient to cause gangrene by arresting local nutrition. ' 
Again, it leaves the cellular elements deprived of nutrient 
materials for a time,* their restoration occurring in a measure 
according to the age and general recuperative activity of the 
patient. Ilcnce* the gaping vessels, the (edematous infiltra- 
tion, etc., observed after the local use of adrenal extractives, 
especially in debilitated and aged subjects, and the post-opera- 
tive haemorrhages occasionally witnessed. 

Local hypermetjibolism is well exemplified by the experiments of 
Herter and Wakcmaii,*®* in which they found that by painting the pan- 
creas with 1 c.c. of a 1 in 1000 solution of adrenalin, they caused 
glycosuria. In the light of my interpretation the solution increased 
markedly the functional activity of the pancreas, and increased the pro- 
duction of amylopsin — the ferment which converts glycogen into sugar. 
Wolownik-Charkow®^ found that after the administration of large doses 
to rabbits, the liver contained less glycogen than the control animal. 
Mtlller*®® found, moreover, that adrenal extractivc‘s produced no morbid 
changes in the tissues — thus pointing to mere excess of activity — and 
that it did not interfere with reparative changes. 

So intense is this local vasoconstriction that Braun^ found that a 
solution of 1 in 1,000,000 of the active principle depleted the tissues 
as if they had been frozen. Neugebauer“”^ and others have, in faet, 
found that it caused gangrene, the tissues being totally deprived of 
blood. Taramasio'"” observed a similar effect in experimental animals. 
This illustrates the activity of the intracellular exchanges it provokes 
in the muscular elements of the vessels, and for the observations of 
F. E. Hopkins,““" Kyle®^® and others,- that its use is liable to be followed 
by post-operative haemorrhage, the vessels being left gaping when the 
action of the extractive passes off. Seitz’-''' observed sloughing of the 
nasal tissues. Solomon Solis-("ohen*'® reported an instance of acute 
QHlema of the uvula, palate, pharynx and epiglottis. A similar, though 
more extended a?dema, occurred in a case treated by Bloch.'*"^ Many 
instances of this kind have been reported. 

• Author* a conclusion. 

Heirter and Wakeman: Amep. Jour. Med. Scl., Jan., 1903. 

Wolownik-Charkow: Virchow’s Archlv, Dd. clxxx, S. 225, 1905. 
a»MUller: MUnch. med. Woch., Bd. 11, S. 199 u. 262, 1904. 

Braun: Berl. Kllnik, Bd. xvlf. Nu. 1, S. 16, 1904. 

^ Neugebauer: Ccntralbl. f. Chlr., Bd. xxx, Nu. 5, S. 1417, 1903. 

^ Taramaslo: Rev. MM. de la Suisse Rom., Aug. 20. 1902. 

P. B. Hopkins: New York Med. Jour., Aug. 2.5, 1900. 

Kyle: Therap. Oaz., July 16, 1902. 

Seitz: Jour, of Ophtbal., Otol. and Laryn., Mar., 1901. 

»*S. Solls-Coben: Ibid., May, 1902. 
ns Bloch: Medical Record, July 6, 190L 



1172 INTERNAL SECRETIONS IN PHARMACODYNAMICS. 

In large therapeutic doses given hypodermically or 
endovcnoiisly, the adrenal extractives increase markedly the 
force of the cardiac contractions. This is the result of two 
consecutive effects of the dnig: the first of these is the direct 
action: as Jionually tlic secretion of the adrenals stimulates 
the right ventricle while passing through it on its way to the 
lungs with the blood of the inferior vena cava,* the presence 
of an excess of adrenal principle in this blood increases this 
action on cardiac dynamism.* Tliis occurs only when the 
adrenal extractive is not converted into adrenoxidase before 
reaching the heart.* The second action is indirect, but that 
which prevails in every instance.* '.riic addition of adrenal 
extractive to the adrenoxidase — oxyhaunoglobin — already in the 
blood, increases its catalytic and oxygeniz.ng power, and the 
functional activity of the heart is increased as well as that of 
all other organs.* 

The passage of the adrenal secretion into the inferior vena cava 
and its action on the heart having bticn studied in detail in the thir- 
teenth chapter, only a few of tlie main facts will be rehearsed here. 
Brown-Sequard, in 1S53, found that the blood of the vena cava con- 
tributed to 'the heart’s coiitracfioii. Oliver and Schilfcr,*'* referring to 
the use of a solution of adrenal extract in saline solution, write: “Wo 
have in this way administered large doses of the extract to the dog, 
thereby producing the most violent cardio-vascular disturbance without 
causing a fatal result.” The fact that extracts jwwerfully stimulato 
the heart was confirmed by Cybulski, Seymonowiez, Oottlieb and otlu rs. 
Vincent, Velich, Ott and others liaving obtained a similar effoet after 
dividing the cord, while Cyoii"'^ found that it occurred notwithstanding 
division of the splanehiiies, it is evident that the elFeet was not of cen- 
tral origin, it being well known, moreover, that it is not prevented by 
section of both vagi, 'fhat tlie action is local is further shown by the 
fact that Browii'Seqiiard found that removal of the adrenals greatly 
enfeebled the cardiac contractions, and that injections of adrenal extract 
restored them. Again, I (lOO.'l) showed that the dvnamie ngent in the 
venous blood of the vena cava (which Brown-Sequard thought was CO.j — 
a fact disproved) was the adrenal secretion. lieaman Douglass (1005) 
found that an adrenal solution caused a detached heart immersed in it 
at once to resume beating. The oxidizing a<divity of the blood on the 
adrenal secretion is given below. 

That a tlierapeiitic dose innuoiiees the heart by increasing the 
activity of its cellular exchanges, as it does that of all other tissues 
rather than by a direct action, is self-evident. Langlois,^’" and Carnot 
and Josseraml'^ found experimentally that the adrenal active principle 
disa]»poared on entering the blood, while Kmhden and von Furth**® found 
that it was oxidized in the latter, though not in vitro, 
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The muscular elements of the vessels being also the seat 
of excessive niclaholisin,* * *** another prominent symptom shows 
itself: viz., elevation of the blood-pressnre. This in turn gives 
rise to a third ])henoiiienon : slowing of the pulse owing to the 
greater resistance offered by the blood-column to the cardiac 
muscle.* 

That hypermetabolism in the miisenlar layers of vessels causes 
vasoconstriction has already been sustained in ilic foregoing pages by 
considerable evidence. It is shown, inoreoxer, by the fact that adrenal 
extractives, when administered during a prolonged jieriod, produce 
arteriosclerosis, as recently shown by Josm's’-'” Krb,--'* von rizentkowski““ 
and others. Oliver and Schafer"" showed twelve years ago that adrenal 
extract caused contraction of the bloo<l- vessels by acting directly on 
their walls. In the light of the foregoing data, this is readily accounted 
for by the fact that it enhances excessively intracellular iiKdabolism in 
the vascular elements, the vessels being thus caused to contract violently. 
The smaller the caliber of a vesstd, therefore, the greater the chance of 
its liiinen being obliterated. Now, the A’asa vasornni have long been 
known to take a prominent part in the pathogenesis of arteriosclerosis. 
Cowan'"® states, in fact, that the “vasal changes may, in some cases, be 
the only visible lesion,” and refers to cases in wbi(*h lie says “the inter- 
ference with the vascular supply from the vasal vessels produced medial 
and intimal necrosis.” Councilnian’.s~^ study of 41 autopsies showed 
that in the nodular form the primary alteration consisted “in a degen- 
eration or a local infiltration in the media and adventitia, chiefly about 
the vasa vasorurn.” The manner in which injections of adrenal extract 
can give rise to the arterial h*sions is now plain. Ily closing the vasa 
vasornni, they arrest the nutrition of the vascular Avails, and the 
lesions of arteriosclerosis f<dlow. That lesions of the vasa vasorurn are 
actually present was recently conflrmcd by Schei deman tel,'"® Marini"® 
and J’apadia.'"^ 

Poisoning. — Tn toxic doses, adrenal extractives, by causing 
excessive metabolism in the muscular elomciits oL' all vess(*ls — 
excepting the capillaries, Avbieh are not provided Avitli a mus- 
cular coat* — provoke so intense a general vasoconstriction in 
animals that all (lie organs are dangerously engorged. When 
death occurs its direct cause is pulmonary congestion and 
(edema and the consecincnt- avsphyxia. 

There is at first more or less irritability, exeitement and 
restlessness, soon followed by stiffness of the innseles, with per- 
haps spasmodic movements, or tremors. Gradnally as the 


• Author* 8 concluMm. 
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blood-pressure rises all eapillaries become so gorged with blood 
that haemorrhage from the nose and mouth, haematuria, bloody 
diarrhcea, cutaneous oedema and ccchymosis may occur; the 
caliber of the arterioles is soon sufficiently reduced, however, 
to impede circulation* and the symptoms of cutaneous ischaemia 
appear, vix., marked hypothermia, and anaesthesia. This is 
accompanied by great prostration, paralysis (beginning in the 
lower limbs), labored respiration, at first rapid, then slow and 
shallow, feeble heart action and finally death from asphyxia. 
This is preceded in some instances by convulsions, due to the 
accumulation of toxic wastes. 

In man, besides the untoward effects produced by the 
local action of adrenal extractives, referred to on page 1171, 
any of the morbid effects observed in animals may appear after 
injections into tbe tissues or circulation. The usual symptom- 
complex due to an excessive, though not necessarily fatal, dose 
is: preliminary restlessness, then weakness and staggering. 
Gradually as the general vascular pressure increases, the blood- 
column crowds the heart* and may give rise to marked cardiac 
pain, the pulse being hard and tense. This is attended by 
free pnssive perspiration, also of vasoconstrictor origin.* 
Gastric, bronchial and other capillaries may be ruptured by the 
pressure of blood into them,* and hacmaternesis, haematuria, 
etc., may occur. When the arterioles are sufficiently contracted 
to interfere with the circulation* the extremities and even the 
body may become very cold. Death may then occur by cardiac 
arrest from three factors: 1st, owing to the pressure upon it 
of the blood-column;* 2d, excessive constriction of its arteries, 
including the coronaries, which, contrary to prevailing teach- 
ings, are also supplied with vasomotor nerves;* 3d, arrest of 
the respiration by vasoconstrictor interference with the pro- 
gress of the blood to the pulmonary alveoli.* 

Swale Vincent®® states that "the first effect noticeable in dogs is 
excitement. There is increased muscular activity which passes into a 
stage of agitation with tremors.” The htematuria and the bleeding from 
the mouth and nostrils observed in various animals by the same investi- 
gator”® is, he writes, "probably the expression of the high blood-pres- 
sure, brought about by the extract.” These phenomena are evidently 
not of central origin, since he also found that destruction of the spinal 

* Author's conclusion. 
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cord in frogs did not prevent them. Pellacani,*” who was the first to 
study the toxicology of adrenal extract in animals, found that such 
effects were only produced by very large doses, a fact subsequently con- 
firmed by Swale Vincent.-^^ 

Pellacani observed congestion of the liver, spleen and kidneys, and 
other structures, and when death was delayed, atrophy of these organs 
— a fact which indicates subsequent constriction of the arterioles and 
the resulting arrest of nutrition. The engorgement of all organs was 
also witnessed by Taramasio,'^- Cybiilski,™ aiul others. 

Hultgren and Andersson®*‘ found that sufficient quantities of the 
extract caused death in the rabbit by provoking pulmonary oedema and 
sometimes hiemorrhage. These authors and Cybulski ascribe death 
caused by adrenal extracts to this condition. Goiirfein*® attributed it 
to asphyxia. Abel-'®® and Abliott**' both observed tliat epineplirin (‘aused 
death by arresting the respiration. Indeed, Swale Vincent-^ found that 
the blood of one of his animals (dog) had become venous throughout 
the body. This illustrates the extent to which the oedematous lungs 
prevent aeration of the blood. On the other hand, Cybulski showed 
that artificial respiration kept the experimental animal alive, normal 
breathing being subsequently restored. 

Therapeutics. — As tlie uses of adrenal gland have been 
treated at length in the first volume (pMges 718 to 7G2 inclusive), 
its main indications will only be mentioned here. Adrenal gland 
is used in disorders duo to a gouty ^^diathesis,^’ as hay- fever, and 
asthma — a result accounted for by its power to enhance metabo- 
lism and therefore catabolism of toxic wastes. In asthma due 
to low vascular tension, suprarenalin or epineplirin, 10 minims 
of the 1 : 1000 solution in 1 dram of saline solution intra- 
muscularly, promptly arrests a paroxysm, by supplying the blood 
with more adronoxidase, ue,, with oxygen,* 

The manifest influence adrenal gland lias on nutrition also 
accounts for its beneficial action in adynamic disorders,* neuras- 
thenia and surgical shock, for example. This applies also to 
cardiac disorders characterized by weakened systole or dilatation 
and their complications. 

Adrenal gland has been found of value in neurasthenia by many 
observers, including lluchard, and, as already stated, in shock, saline 
solution (1 in 50,000) being used as excipient. In cardiac disorders it 
has been recommended by several clinicians, including Mankowsky,'*^® 
Flocrsheim,"® and Deeks.®^^ Mankowsky specifies that the most useful 

• Author' H conclusion. 
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application of iplrcnal gland is in cardiac weakness and threatening 
collapse. Floerslieim found it efl'ective where our u»^unl remedies had 
failed. Doeks obtained not only marked improvement in cardiac weak- 
ness, but disappearance of att^mdiiig (edema. noy-Tcis8ier“*- obtained 
excellent results in cases of weak heart with general cyanosis and great 
cardiac dilatation. 

Addison's disease, whether due to organic lesions of the 
adrenals themselves or of the nerves or ganglia through which 
they receive their impulses, is attended by lowered metabolism, 
hypothermia, and low blood -pressure. Adrenal gland is indicated 
ifi doses sufficient to raise both the latter and the temperature to 
normal and I'eep them so, i.e., 3 grains during meals. 

In this disease, the vitality is so reduced that, as stated by Rollc- 
Bton,“^® tlui cases sometimes emit a cadaveric odor. Some clinicians, 
including Senatoiv^^ have notcnl no modirication of the nitrogen output; 
some found that it was increased; others that it was decreased. In 
literature, these rc*sults are recorded as dis(;ordant; but this is not war- 
ranted in the light of my views. Tliey merely indicate that metabolism 
is more impaired in some cases than in others, owing to greater destruc- 
tion of the adrenals or of their nerves, and that where no perceptible 
effect is obtained from adrenal extractives, it is because the supply is 
not adequate, both as to quality and quantity, to restore the vital 
equilibrium — to compensate, in other words, for the loss of those organs 
which sustain the vital process by supplying the tissues with oxygen. 
In an analysis of 07 cases reixirted in literature, by K. W. Adams, in 
which adrenal preparations were used, 7 cases were made worse; 43 
derived no real benefit; 31 showed marked improvmncnt, and 16 were 
“permanently relieved.*’ The jiigmentation w’aned in most of the cases 
improved. This affords a marked wntrast with Lewin’s 800 reported 
cases treated by other methods,*^® of which 28 cases were improved and 
5 cured. (Addison’s disease is treated in full in Chapter II.) 

Tii haemorrhagic disorders, the identity of adreiioxidasc as 
the fibrin or coagulating ferment,* renders adrenal extractives 
elfective as haemostatics, whether applied externally or given 
internally. Hence its recognized value in cpistaxis, licemoplip 
sisy luematemesis, intestinal hwmorrhage, the dose of adrenalin 
chloride when given orally varying from 5 to 30 drops every 
three hours, according to the urgency of the case. Even the 
luemorrhages of hwtnophilia can be promptly arrested by the 
local application of adrenal extractives. ^J'he internal use of 
thyroid gland, which actively stimulates the adrenal center and 
causes a marked increase oC adreiioxidasc,* masters the primary 
disorder itself. (See also Adrenal Opotherapy, vol. i, p. 750.) 

• Author' ft ronriusion. 

Boy-Tclsslcr: Arrh. rpu. de m^d., Aug. 23, 1904. 

2«RolleBton: Allbutt’s “Practice of Medicine,” vol. v, p. 540, 1897. 

Senator: Charlt^-Annalen, Jnhrg. xxll, S. 235, 1897. 

E. W. Adams: Practitioner, Oct. 1903. 

“®Lewin: Allbutt’s “Practice of Medicine,” vol. v, p. 561, 1897. 



ANTITOXINS. 


1177 


ANTITOXINS. 

Source and Chemical Nature. — Xoue of the prevailing 
theories of immunity explain the origin or mode of action of 
antitoxin. This is due to the fact that Ehrlich’s side-chain 
theory—though extremely elucidative in many directions — ^lias 
diverted the attention of patliologists from the true source of the 
constituents of this substance: the adrenals and other ductless 
glands.* 

As to the origin of antitoxin, Ritchie in an impartial review as 
president of the section of Pathology of tlie British Medical Associa* 
tion,*^^ said recently: “We must admit that at present we know of 
no definite facts which point to the place of origin of antitoxin;” and, 
moreover, referring to JOhrlich’s theory: “The view that the satura- 
tion of the side-chains of the cell [the tissue-cell] with toxin made them 
drop off with their burden of toxin always appeared to me to be hardly 
tenable, in view of the fact originally put forward by Ehrlich that the 
reason for the affinity of toxin for the cell was probably to be found in 
the fact that the toxin closely resembled the normal food of the cell, 
it would be of little use to the cell if a side-chain should straightway 
drop off into the serum whenever a food particle became attached to it. 
The wfwle view was loo theoretical/* 

The practical side of the question is aptly described by H. C. Wood, 
Sr. and Jr., in a recent edition of their text-book “The mode 
of action of the antitoxin in infectious diseases has been the subject of 
a large amount of surmise and study, but while a number of interest- 
ing theories have been suggested, notably that of Ehrlich, it must be 
confessed that we have no positive knowledge of the manner in which 
this substance acts in infectious diseases.” 

Again, as stated by H. Gideon Wells,^*® according to the side-chain 
theory, “the antitoxin consists of cell receptors that have been produced 
in excess and secreted bjt/ the cells into the blood/* referring to the tissue- 
cells, Ehrlich has failed to demonstrate this fact. On the other hand, 
considerable evidence is available, w’e have seen, to show that it 
is through the intermediary of the leucocytes that the bacteriolytic and 
antitoxic substances reach the blood. Ainley Walker,*®® for instance, 
writes: “A definite relation exists between the mass of the leucocytes 
added [to serum] and the degree of bactericidal powder obtained 
(Bordet). Again, a bacteriolytic pleural exudate has been made 
entirely inactive by the removal of its leucocytes, active again on their 
replacement (Denys and Ilavct).” From this and other facts sub- 
mitted, the author concludes that “the addiinciitary ferment is definitely 
associated with the leucocytes, and is not a ferment circulating freely 
in the blood-plasma as Ehrlich teaches.” 

Before Ehrlich introduced his side-chain theory, and ever since, 
numerous investigators have urged the importance of the ductless glands 
and internal secretions ns important factors in the destruction of 
poisons. “Some years ago,” writes Charrin,*®*- “the physiology of the 

* Author's conclusion. 
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adrenals was singularly obscure. The foresight of Brown-S^quard, the 
interesting researches of Langlois, Abelous, and those of Albanese, Zucco, 
etc., akin to our own, have brought these structures within the group 
of organs endowed with antitoxic functions. With Langlois, I ascer- 
tained that a given quantity of these organs weakened the action of cer- 
tain alkaloids, especially nicotine.” Other organs are referred to in 
the same sense. “As to the antitoxic functions,” writes Charrin, “one 
may depend upon a scries of viscera, first of all, the liver, the pituitary 
body, the adrenals, the pancreas, the kidneys, the spleen, etc.” 

The most recent writers speak in the same trend. While Ritchie, 
alluding to the side-chain theory in the address previously referred to, 
concludes that “we must keep an open mind for admitting that the 
cells pathogenically affected by a toxin may not be the colls of origin 
of antitoxin,” Gruber and von Pirquet®*^ urge that the formation of 
antibodies, contrary to Khrlich’s view, occurs in an entirely different 
place than the action of the toxins, and that they had the character 
of internal secretions. Sir A. E. Wright-'®* also emphasized this kin- 
ship, though asserting that “their origin in the body was unknown,” 
by the statement, “all the protective substances which were involved in 
the cure of disease were to be regarded as produced by internal secre- 
tions,” urging that “if the laws by which such substances were produced 
were known,” we could “call forth” their production. 

This is not intended to imply that the side-chain theory has con- 
tributed nothing to our knowledge; Ehrlicirs own labors in this con- 
nection and those of the many investigators who have taken up his 
views have done much to elucidate the relations between the various 
bodies which take part in the immunizing process. Moreover, Ehrlich 
has himself forever set aside the erroneous view that antitoxin is noth- 
ing but transformed toxin, and placed on a solid foundation the fact 
that the protective bodies were products of cellular activity. What I 
claim is that the cells in general are not, as Ehrlich believes, the source 
of antitoxin, and that tlic substances of which it is composed are the 
products of the organs referred to below. 

Antitoxin is blood-plasma containing adrenoxidase, nucleo- 
proteid and digestive triads (trypsin, etc.), and thyroiodaee. It 
is produced in animals under the cll'ccts of injections of various 
toxins, as a result of tiie stimulating action of the latter upon 
the test-organ, and through it upon the adreno-thyroid center. 
The resulting excess of adrenoxidase excites, in turn, an over- 
production of pancreatic ferments and leucocytes, by increasing 
metabolic activity in the pancreas and leucocytogenic tissues. 
The thyroiodase is due to direct excitation of the thyroid. Anti- 
toxin is the homologue of auto-antitoxin formed in the blood 
under tlie influence of mercury, iodine, and other drugs.* 

Although, as stated by Gideon Wells,**” the chemical nature of anti- 
toxins “is as entirely unknown as is the nature of the toxins,” the few 
facts available point to the presence of all the constituents whicli com- 
pose what, in the preceding articles, I have referred to as “auto-anti- 
toxin.” 

• Avthor'H concluaion. 
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That antitoxin is blood-plaama unusually rich in its normal 
immunizing constituents is suggested by various facta. A careful 
chemical study led Viquerat*“ to the conclusion that, barring the pres- 
ence of lactates in antitoxin and other sera, the latter differed in no 
way qualitatively from normal serum. F. Warren White”®* studied the 
germicidal action of scrum taken from healthy persons; from patients 
suffering from various diseases and from the body just before and after 
death. All showed marked bacteriolytic properties on the typhoid 
bacillus. This was completely destroyed, however, by heating the serum 
to .55° C. Thus, the blood-serum during health and disease is qualita- 
tively similar to antitoxin. In fact, as stated by II. Meade Bolton,*” 
horses used for the production of diphtheria antitoxin, often '^possess 
antitoxin normally in their blood.” 

As to adrcnoxi(las€y the principle increased is, of course, the 
adrenal secretion, to wliich Auld and others refer as “a colloid.” Cidcon 
Wells,*®* alluding to antitoxins, remarks: “In any event they behave as 
colloids” — a fact which suggests that in keeping with the evidence pre- 
viously submitted, the plasma and red corpuscles arc correspondingly 
richer in oxyhocmoglobin. Again, we have seen that adrenoxidase is a 
globulin. William 11. Park, of the New York Health Department,*®* 
refers to the fact that “recent investigations have connected antitoxins 
and globulins so closely” that “we may consider it a probability that 
the antitoxins are globulins or globulin-like substances:” he was led 
experimentally to tjiifirm this fact. I have pointiMi out, furthermore, 
that the adrenal principle is the general catalytic of the organism and 
the “ferment of ferments.” Now, Elirlich has shown that a given quan- 
tity of antitoxin will not only neutralize a fixed quantity, say 100 lethal 
doses of toxin, but that it will keep on neutralizing until very large 
quantities are rendered harmless. * Bashford’’** also observed that “tho 
poisonous action of the hdhal dose of toxin may be al)olishcd within 
the time limit by the addition of a very small quantity of antitoxin.” 
This, of course, is due to tho presence of a ferment — trypsin, perhaps; 
but this in itself proves the presence of the adrenal active principle, 
since it is to this principle that every trypsin owes its activity as such, 
while we have seen that, as stated by Moore,**^ “ferment actions” are 
“catalytic reactions.” 

Finally, it becomes a question whether toxins (by stimulating the 
test-organ and through it the adreno-thyroid center) can provoki* an 
increase of this glohulin, as they do of adrenoxidase. This is well shown 
in the following lines by W. IT. Park:*** “Horse numbered 137 when 
first obtained contained 3.2 per cent.’ globulin and 3 units of antitoxin 
in each c.c. It is of some interest to note that this is the largi^st 
amount of normal antitoxin ever noted by us in an untreated horse. 
Three months later, after repeaUnl injections of toxin^ the glohulinj as 
tested by Mr. Atkinson, was S.2 per cent., and the antitoxin 1200 units 
per c.c. Three weeks later toxin injc'ctions having been omittedj the 
globulin was 5.0 per cent, and the antitoxin 050 units per c.c. Still 
ten days later the globulin was 4.7 and the antitoxin 400 units.” The 
importance of adrenoxidase in the process now asserts itself. “As inves- 
tigations progressed,” Avrites Park,*** “it has become more and more 
evident that the antitoxic substances in the blood are closely combined 

^Vlqucrat: Contralbl. f. Dakt., Parasit. u. Infokt., Bd. xxl, S. 681, 1902. 
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with the globulins of the blood, and that whatever precipitates them 
precipitates the antitoxin also. In fact, without globulin there appears 
to be no antitoxin, and wherever antitoxin exists, globulin does also.” 

Antitoxin contains mwlvo-proteid besides nuclein. As to nuclein, 
Szontagh and Wcllnianir!'^ found that it was present in antitoxin as 
w’ell as in horsc-scruin, as nuclco-albiimin. E. W. Walker®* noted that 
“the bacteriolytic power of a fresh serum [antitoxin] rapidly diminishes 
both in tlie immune and normal sera, and ceases to be recognized within 
a few days from the time of bleeding.” I have shown that this is due 
to the presence of the phospliorus-laden nuclein, i.c., tlie body (Pfliiger’s 
“reducing substance”) which promptly takes up the oxygen in shed 
blood. As to protcids, Wells®* concludes, that “taken altogether, the 
evidence indi(;at(‘s a closer resemblance of antitoxins to protcids than 
has been shown for the toxins, and all attempts to separate antitoxins 
from protelds have so far faile<l.” As shown below (Park aind Throne) 
these bodies, nuclein and proteid, can be isolated from antitoxin as 
nucleo-proteid. 

The various hydrohjlic tiiads^ including trypsin, secreted in tho 
plasma by leucocytes, vc]ircsent, from my stand])oint, we have seen, 
Ehrlich’s “coinplemeni” or “ad<liment,” which Ehrlich and Morgen- 
roth®" define as “the unstable (labile) fennent-Uke body which elfects 
the solution of the blood-cells,” f.c., luemoiysis. These investigators 
state that a seruin described by Ihmlct and their own, derived from 
gouts, “lost its Ineinolytic power when heated for half an hour to 5G“ C.” 
This they state has been shown by Piichner to be true of all normal 
hspinolylic sera. Whether the temperature be 50° or 55° is evidently 
immaterial, for Wassermann, alluding to Ehrlich and Morgenroth, says 
that they made lucinolytie serum “inaetive by heating to 55° C., so that,” 
ho adds, “it contained only the jubstanee s(?nsibilisatrice.” Having 
shown**® that this latter substance is adrenoxidase plus thyroidasc, it 
is evident that the try[isin alone was dcstroyc‘d. Now, since as shown 
above, blood-serum and antitoxin are similar (pialitatively, if antitoxin 
also contains the ferment, it should likewise bo destroyed at this tern-' 
peratiire. W’ells-’'"* writes, “If we heat bactericidal serum made by 
immuiii/ing an animal against bacteria, say the cholera vibrio, at 55° 
for fifteen minutes, it will be found to have destroyed the power of 
destroying these organisms.” We have seen, moreover, under “adrenoxi- 
dase” that antitoxin, as noted by Ehrlich and Pashford, acts as a fer- 
ment. The formation of thyroiodasc (opsonin) was described in the pre- 
ceding chapter. 

Altlioiigli tlic various germicidal and antitoxic constituents 
of the blood are included in antitoxin, they are not all required 
to produce its beneficial effects. The latter are due to the 
large proportion of adrenoxidase that antitoxin contains.* 

Tt was in tho course of experimeuts to prevent the untoward effects 
sometimes produced by injections of antitoxin: eruptions, haemolysis, 
etc., that William II. Park, of New' York, observed the fact, mentioned 
aboA’o, that “witliout globulin there appears to be no antitoxin,” and 
“that wherever antitoxin exists globulin does also.” fnasmuch as ad- 
renoxidase is the only globulin among the constituents of antitoxin, 
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it follows that it is to adreiioxidasc that wo must ascribe the curative 
action of antitoxin. That such is ilie case is shown in another way. 
We have seen tliat tlic power of noniuil scrum to destroy the red cor- 
puscles of another animal ( hicmolysis } , its digestive power, and 
also that of bactericidal serum derived from an immunixed animal — and, 
therefore, antitoxin — were destroyed when these sera were heated from 
fifteen to thirty minutes at 55° G. An im[)ortant feature of tlicse 
experiments, liowevcr, is tliat they Avere conducted in vitro, and that as 
far as the antitoxin is concerned, heating to 55° C. docs not destroy 
its germicidal and antitoxin eifect when injected into the living body. 
Tliia w’as shown in the course of experiments by Atkinson."''* He found 
that when a solution of globulin (precipitated from antitoxic serum as 
well as ordinary scrum by magnesium sulphate) was saturated with 
sodium chloride ami then gradually heated to 72° G., precipitates were 
formed which, in the various antitoxins, remained antitoxic. Now, as 
55° G. destroys the dig(!stive triads (coinplcment) , and even thyroidase 
(opsonin), wliich is destroyed at from 00° to 05° V., there was nothing 
left in the precipitate as active agent but a<lrenoxidase, which, we have 
seen, resists all temp(*ratur<ss up to 100° G., and even that several hours. 

Physiological Action. — 1'lie various antitoxins, when ad- 
ministered subentaiieonsly during health or disease, increase the 
bacteriolytic and antitoxic properties of tlui blood by augment- 
ing, in proportion with the quantity adininist(Ted, its content 
in auto-antitoxin, the homologue of all antitoxins.* As is 
the case when thyroid extract or adrenal extractives, adrenalin, 
epincplirin, etc., are used, metabolism is increased,* suftieiently 
so in some instances, to produce fever, leucocytosis, rheumatic 
pains due to aceuriiulalion of wastes, and even renal disorders. 

Tlioro is ample evidence to the elToct that antitoxin injections 
increase metabolism, while the febrile phenomena point directly to'tho 
presence of an excess of adrenoxidasc in the blood. A few illustrations 
will emphasize these facts. 

Coldcfy,"'^ for example, out of 400 eases in which nntidiphtheritic 
serum was injected as a prophylactic measiire, observed six in which 
th(*rc was pyrexia, which ajipearcd and disa|)p(sired rapidly. In eight, 
the pyrcxi.a lasted a sliort time, while in a tuberculous patient it was 
very marked, and lasted sevtu’al days. Rolleston'^" states that muscular 
and joint pains occurred in 10.24 per ri*nt. and pyrexia in 15.01 per 
cent, of 000 cases treated in the Metropolitan Asylums. He stiites, 
moreover — thus unconsciously contributing testimony to the curative 
value of tin enhanced metabolism — that in the 000 cases treated in the 
Metropolitan Asylums upon which his conclusions arc based, that as a 
general rule, the more marked the. antitoxin reaetion, the better the 
prognosis. ]\Iongonr"” found that the exeretion of niti-ogen wastes was 
increased, and also that the chances of recovery were greater when the 
urea output was marked. 

J. Kwingf’* observed that antitoxin caused an increase of multi- 
nuclear leucocj^tcs within thirty minutes. In severe cases hypcrleuco- 


• Author’s conclusion. 

Atkinson: Jour, of Exper. Med., vol. v, p. 67. 1900. 
^^'Coldefy: Birmingham Med. Review, Feb., 1905. 

Rolleston; Practitioner. May, 1905. 

Mongour: Jour, de m6a. de Bordeaux, vol. xxv, p. 217, 1895. 
Ewing: New York Med. Jour., Aug. 10, 17, 1895. 
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cytosis and fever occur. Kucharzewski”* also found that moderate doses 
of diphtheria, tetanus, or antistreptococcus serum produced a leuco- 
cytosis lasting several days. 

The albuminuria, following the use of antitoxin, is sometimes 
ascribed to the disease, but Adae,*''^* having examined the urine in 25 
eases before using antitoxin, found albuminuria in only one instance, 
while in all it appeared at once after the injection. This symptom was 
observed to follow injections of antitoxin in 42.5 per cent, of the cases by 
Bokai,'"^’ in 64 per cent, by FUrth,=‘’* and 72 per cent, by Solt- 
mann,”® and 64.8 per cent, by Schroder.®*® In animals Vissmann®** 
ascertained that doses in the relative strength given to children caused 
nephritis. 

Untoward Effects. — The morbid phenomena that follow 
large therapeutic doses of diphtheria antitoxin are as follows: 
fever, due to increased metabolic activity,* attended, if meta- 
bolism becomes excessive,* with diminution of the red cor- 
puscles, sometimes to 3,000,000, and albuminuria. When 
metabolism is excessive, it causes, owing to involvement of the 
vascular walls, correspondingly marked vasoconstriction* and 
the arterioles of the pituitary body and heart, among others, 
being almost closed, the functions of these organs are inhibited,* 
giving rise to faintness, coldness with feeble and irregular car- 
diac action. In rare cases, death occurs. When constriction 
of the peripheral arterioles persists there occurs, after a few 
days, accumulation of waste products of various kinds* in 
the cutaneous tissues, and eruptions, especially urticaria and 
erythema, may appear, along with increased nitrogen and 
phosphoric acid secretion and albumin. ^Jliis may last several 
days and be attended with oedema, bloody diarrhcea, acute joint 
pains, myalgias and neuralgia due to intense congestion of the 
various structures involved.* The inordinate consumption of 
chromatic elements in the nervous elements attending this ex- 
cessive metabolism,* may give rise to paresis or paralysis of 
muscles in different regions, especially those of the palate. 

Those morbid syiiiptoins are familiar to all practitioners. They 
obviously correspond with tlmse of tlie agents previously reviewed and 
indicate further the similarity of their action. The capillary engorge- 
ment also affects the internal organs. Thus KossorotofT®*® found that 

• Author* 8 conrlusim. 

Kucharzowskl : Arch, intern, de pharmacod. et de thdrap., T. xii, p. 117, 

1903. 

^ Adae: Med. Corroapondenzblatt des wurttemb. Aerzt. Landesv., Nu. 12, 
1895. 

*”BokaI: Deut. mcd. Worh.. Bd. xxl. S. 233, 1895. 

*«Fttrth: Milnch. med. Woch., Bd. xlil, S. 689, 1895. 

*^Soltmann: "Ueber die Erfolge mlt Diphtheric Heilsenim,** 1895. 

awSchrdder: Mtinch. med. Woch., Bd. xlii, S. 327, 351, 1895. 

Vissmann : Med. Record, Sept. 14, 1895. 

Kossorotoff : Praktitcheskol Medicini, Dec., 1895. 
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in rabbits, injections of antitoxin caused a marked hypercemia of the 
liver, kidneys and spleen, and marked leucocytosis. As instance of 
excessive constriction of the arterioles 1 may mention a case reported 
by J. P. Marsh.^ in which 1500 units caused in* 10 minutes intense 
dyspnoea, cyanosis and a comatose state, during which the patient, a 
woman of 30 years, was practically blind and complained of general 
numbness. This was followed by severe itching and “stinging rash,” 
due here to secondary overdilation of the arterioles and hyperusinia of 
the skin and its sensory nerve endings. The vasoconstrictor action may 
occur immediately. Thus £. R. Houghton^* observed an instance in a 
pregnant woman, to whom another practitioner administered a protec- 
tive injection. “At once she felt faint and very cold, but after a few 
moments rallied and went home.” Her 8-months foetus, which had 
shown vigorous movements until then, no longer gave evidence of lifo 
and was macerated when born two weeks later. RollcstorP® states that 
the eruptions, the principal varieties of which arc: the sear latini form, 
the urticarial and the circinate erythematous, depend directly upon the 
size of the dose. 

When an antitoxin divested by heat or other physico- 
chemical procedures of its trypsin (complement) is employed, 
the digestive activity of the blood’s auto-antitoxin is not re- 
duced, since it is adrenoxidase (the specific immune body) which 
endows all ferments with their power as such.* The prefer- 
ment fibrinogen is in reality alone destroyed in the antitoxin;* 
and, as it confers on the ferment merely its specific character 
(proteolysis), its absence does not afTcct the result, as consider- 
able trypsin, and therefore trypsinog(;n, is available in the 
blood.* This proves, however, that adrenoxidase is the active 
agent in all antitoxins* 

R. B. Gibson,"*® in reference to the antitoxin submittcnl to tem- 
peratures which destroyed their ferment or complement, states that 
“Park studied the possibility of eliminating serum rashes by treating a 
considerable number of cases with an antitoxic globulin prepared by 
Atkinson. Rashes were still produced.” R(M*ently Park and Throne'-”’ 
reported a series of eases in whicli antitoxin from “the mwlco-proteids 
and insoluble globulins present in the Atkinson preparation wero 
eliminated.” They obtained somewhat better results (due probably to 
the loss of .30 per cent, of units during the process), but found that 
“the antitoxic effect was identical with that of the wliole scrum.” In 
fact, they “could not detect the slightest evidence that any desirable 
substance in the antitoxic serum is lost by the refining process.” Thus, 
the elimination of nueleo-proteid does not affect the action of the globu- 
lin antitoxin any more than the destruction of the trypsin by heat. It 
is evident, therefore, that the active body in antitoxin is the only remain- 
ing one, adrenoxidase. 


• Author* B conclusion. 

“«J. P. Marsh: Amer. Jour. Med. Scl., Dec„ 1903. 

*MB. R. Houghton: Med. Record, Apr. 4, 1903. 

Rolleston: Loc. vit. 

“•R. B. Gibson: Jour, of Biol. Chem., vol. I, p. 161, 1905-06. 
^ Park and Throne: Amer. Jour. Med. Scl., Nov., 1906. 
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Therapeutics. — All the disorders — diphtheria, tetanus and 
others — in which antitoxins are indicated being infections, it is 
perhaps needless to state that the physiological action I describe 
in tlie foregoing pages accounts clearly for the beneficial effects 
obtained. 

Another feature upon which some stress must be laid is that 
the physiological action of the antitoxins, as I interpret it, is 
identical with that provoked by the various drugs described in 
the present chapter — each of which likewise introduces its own 
array of evidence. If, therefore, we grant life-saving prop- 
erties to antitoxin — which is undoubtedly the case in so far as 
diphtheria antitoxin is concerned — we must concede the same 
value to drugs which are capahle of evoking in the blood the 
formation of the same substance, Le., auto-antitoxin. 



CHAPTER XIX. 


THE INTERNAL SECRETIONS IN THEIR RELATIONS 
TO PHARMACODYNAMICS {Continued). 

THE SYMPATHETIC CONSTRICTORS AND THE CRANIAL 
STRICTO-DILATORS IN ORGANIC FUNCTION. 

We have seen in the sixteenth ehapter that the sympa- 
thetic system is autonomous as a functional entity, and that 
its governing center is located in the posterior pituitary, with 
the centers of motor nerves. 

According to prevailing teachings, the sympathetic carries 
on several different functions. In a succinct review of the sub- 
ject, W. S. Hall^ states, for example, that the ^^more important 
functions” of the sympathetic system are the following : 
“(a) QdiTikioacceleration and cexAioaugmerdation through the 
branches from the cervical ganglia, {b) Secretory impulses to 
the salivary glands, tlie stomach, the pancreas, the liver, the 
small intestine, the large intestine, the kidneys, (t*) Vasomotor 
impulses, both constrictor and dilatory to all arteries and arte- 
rioles. {d) Motor impulses to the muscular coats of the stom- 
ach and intestines, causing peristalsis and controlling the 
pylorus and the cardia of the stomach. («) Motor impulses 
to the muscularis mucosa of the alimentary canal, causing move- 
ments of the mucosa.” 

Another function ascribed by physiologists to the sympa- 
thetic, is that of inhibition. In the heart, as is well known, 
this is believed to be the physiological function which counter- 
acts cardiac acceleration; in the intestine it is thought by 
some to oppose peristalsis; it is also believed by many to 
inhibit the contraction of certain vessels, etc. As this inhibi- 
tion is produced by stimulating the sympathetic nerves dis- 
tributed to these various organs, we are brought to the con- 
clusion, in view of the fact that a sympathetic nerve can awaken 
function by causing vasodilation, that it can also inhibit that 


hoc. cit., p. 106. 1905. 
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fujdiction by cftuaing vasbcqiiLtnGtio^^^^ 

Bympathetic nerve can inhibit its own iniictionB. ' j; v : ^ 

That the whole Bchme of synipathetic 
interpretedy is defective, appears to me very evident. Howell* 
rightly, states that /'few subjects In physiojto^^^^^ 

. practical importance to the physichm: than that o 
regulation; it plays such a large and constant part in the nor- 
mal activity of the various organs.’^ So great is this iihpor- 
tance, in fact, that it is mainly because the whole questibh of 
vasomotor function has been obscured by the probleinatio rSles 
ascribed to it by physiologists, that the physiological action of 
drugs, and what Virchow has termed "physiologic pathology” 
have remained so obscure. 

In the sixteenth chapter, I pointed out that the bulbar vaso- 
constrictor' center was independent of sympathetic vasocon- 
strictor functions, and that it acted only as intermediary for 
the transmission of sympathetic impulses down the cord. The 
source of these impulses was shown to be the pituitary body, 
stimulation of which, as then shown, caused typical sympathetic 
vasoconstriction in the periphery and a marked general rise of 
the blood-pressure, owing to the resistance of the constricted 
arterioles to the general circulation. These and other facts 
led me to the conclusion that the neural or posterior lobe of the 
pituitary body was the seat of the sympathetic center^ Betum- 
ing to the confusing functions referred to above, it will now 
become evident that they are all experimental myths, and that 
the one function which the sympathetic fulfills — the only one 
fully sustained by experimental evidence — is that of a vasocon- 
stricter of all the small arteries or arterioles^ 

Inhibition, in the accepted sense, i.e., a restraint of func- 
tional activity, has already imposed itself upon us in the pre- 
ceding chapter, where we saw certain tOxins and drugs cause 
excessive constriction of the vessels of the pituitary body and 
heart. That such vasoconstriction, whether produced by the 
latter or by too strong a current, must correspondingly reduce 
the caliber of a vessel and reduce the volume of blood passing 
through it is obvious. We have seen that, as shown by Brown- 
Siquard and Porter, the caliber of the coronaries can be 

■Howell: Loo. dt., p. 631, 1905. 
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aetlt^ly etimuktiBg the vagal v^motor nerve8> 

the origia of which P traced to the vasomotor center. Physi- 
ological telt-lKK)hB> notwithat^ the evidence submitted by 
the above-named investigators and myself^ still teach that the 
coronaries are deprived of vasomotor nerves; the plate repro- 
duced herewith must convince them of their error^ since it is a 
microphotogtaph of coronaries showing unmistakably the 
presence of these nerves, published over twelve years ago by 
Heymans and Demoor.^ 

The manner in which the heart is influenced plainly shows 
that inhibition is due merely to deficiency of blood in the myo^ 
cardium. HilP states that moderate stimulation of the vagus 
(which contains the vasomotor fibers) may reduce the output 
of blood from the heart 30 to 50 per cent. E. Weber® observed 
that during partial inhibition the cardiac contractions were 
weakened. Sehiff^ found, that the muscular elements of the 
entire organ responded less or not at all to stimuli. Frangois- 
Franck, Fischel® and others observed that the cardiac walls 
were softer than usual. Gaskell® characterizes as ^% 08 t strik- 
ing” the attending depression of activity. 

Can we regard as a physiological or normal function a pro- 
cess which entails paralysis of the heart? In the preceding 
chapter we found that toxic doses of certain drugs could pro- 
duce a similar effect — drugs which, in excessive doses, were 
capable of so violently stimulating the vasomotor center, that 
the caliber of the coronaries became sufficiently narrowed to 
reduce the quantity of blood in the cardiac muscle below the 
physiological limit, which means enough contractile power to 
project the blood into the lungs. That inhibition here is a 
process brought on artificially in the laboratory, or morbidly by 
a poison, seems plain. 

This shows that excessive constriction of even large 
arteries (for the coronaries are large vessels, when compared 
to those supplied by sympathetic nerves) can arrest functiotj. 

* SajouB: N. Y. Med. Jour., May 14 ana 21, 1204. 

* Heymans and Demoor: Mem. couron. de I’Acad. roy. de med. de Bel- 
BlQue. T. xlll. n. 1. 1884. 

B Hill: SO&fer’B *^T. B. of Pbyslol.," vol. 11, p. 1, 1900. 

> B. Weber: “Handw. d. Physiol.," Bd. 11. S. 42, 1846. 

V Schifl: Archly t physiol. Heilk., 9 ter Jahrg., S. 22. 1860-61. 

BFtecher: Arohlv f. Path. u. Pharm., Bd. xxxvlii, S. 228, 1897. 

•Oaskell: Bch&fer’s "iC B. of Physiol.," vol. 11, p. 169, 1909. 
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May we not expect that the “small arteries and arterioles of 
the body/' in view of their diminutive caliber, will be con- 
stricted even more readily — sulRciently, in fact, to obliterate 
their lumen and arrest function? 

That such is the case may be shown by the following evi- 
dence, which has been tliought to prove the existence of “inhibi- 
tory"^ sympathetic fibers: — 

Section of the sympathetic paralyzes the muscles of the 
vessels which are located in the field of distribution of the great 
sympathetic, writes Morat,^*" “and its sti)nulation causes them 
to contract. This conclusion is based on another classical 
experiment by Claude Bernard, outlined by the same author, 
as follows: “Having cut the sympathetic in the neck of a 
rabbit, he observed that the temperature of the whole of the 
corresponding side of the head, especially of the ear, was 
remarkably raised. On making the counter-experiment by 
stimulating the superior end, lie observed that the temperature 
fell below the original temperature, avS Brown-Sequard had 
observed almost contemporaneously."’ The rise of temperature 
was, of course, due to the entrance of additional blood in the 
capillaries supplied b}' vessels innervated by the eut sympa- 
thetic, while conversely, stimulation of the upper end of the 
latter caused constriction of the same vessels, exsanguination 
of the same area and hypothermia. In other words, this illus- 
trates the one function which the sympathetic carries on, but 
in the small vessels and arterioles only. 

How “inliibitioiv” can be provoked in these vessels will 
now appear. ]\lorat” writes: “Dastre and Morat showed, in 
1881, that stiiiiulatioii of tlic great cervical sympathetic causes, 
in addition to the oculo-pupillary elfects [described below], and 
of the constriction ol the vessels of localities which are habit- 
ually obvious, like the ear, dilatation of those of neighboring 
regions, the upper and lower lip, the palatine arch, and this 
very clearly in the dog. Hence the sympathetic contains inhi- 
bitory vascular nerves.” Interpreted from my standpoint, 
however, this does not indicate the presence of such nerves. 
Thus, IMorat publishes the colored engraving reproduced below. 
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in which the effects of stimulation of the sympathetic are 
clearly illustrated. Dilation of the pupil and exophthalmos 
are plainly shown, but the salient features are the pallor of one 
side of the tongue and car, as contrasted with the congestion of 
the lips, gums and palatine arch of the corresponding side. 
Now, Morat ascribes the localized pallor to vasoconstriction — 
which is undoubtedly true; the congestion, however, he attrib- 
utes to inhibition of this vascular constriction, the sympathetic 



Effects of Stimulation op the Cervical Sympathetic. Oforat ). 

being supposed to send vasodilator fibers to the vessels of the 
corresponding area. The nerve is thus regarded as acting 
simultaneously as constrictor and dilator, though in different 
areas. From my standpoint, a simpler and more logical 
explanation asserts itseff, viz., the arterioles of the pale area 
being alone supplied by the cci’vical sympathetic, they contract 
when the latter is stimulated ; these small vessels being mark- 
edly constricted as shown by the pallor, the circulation through 
them is blocked and the blood accumulates in the other ves- 
sels — those of the congested area. That the vessels of one side 
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only should be affected is obviously due to the fact that each 
side has its own arterial supply derived from the corresponding 
carotid. 

As to the supposed vasodilator properties of sympathetic 
nerves, Tjangley,^- who, by the way, referring to the presence of 
such vasodilators, thinks it “premature to regard the question 
as settled,” writes: “The strongest evidence for the presence 
of vasodilator libers in the sciatic is that afforded by the series 
of well-known experiments initialed by (loltz,*** on the effect 
of stimulating the sciatic*, nerve some two to four days after 
(‘utting it. The therniometric method, the plethysmographic 
method, ajid direct observation have given similar results, 
namely, that the vasoconstrictor action becomes less as time 
goes on, and that in tlie last day or two, before irritability com- 
pletely disappears, the vascular dilatation is out of pro|)ortion 
to the preliminary contraction, or occurs without any contrac- 
tion at all.” But vasodilator sympathetic libers are not needed 
to explain this phenomenon when we take into account the 
structural difference between motor and sympathetic nerves. 
Tlic latter benng relatively very thin, they are the first to degen- 
erate and are soon unable to causo vasoconstriction. The motor 
nerve, being niucli larger, preserves its activity longer, and its 
function being, as a motor nerve, to cause stricto-(///(//m?i, this 
phenomenon may be produced after sympathetic has ceased to 
functionate. As everywhere else, the sympathetic acts as vaso- 
constrictor, while the motor nerve acts as vasodilator. Lang- 
ley*^ coTK'ludes a comprehensive study of the subject by the 
statement that there is “no satisfactory evidence that the sym- 
pathetic sends vasodilator fibers to the skeletal muscles” — nor 
anywhere else, 1 would add. 

Another supposed proof that the sympathetic can act as 
inhibitory nerve (of a function in this connection) is that of 
producing intense secretion of the sebaceous, lachrymal and 
Meibomian glands by dividing the nerve in the neck. But 
r(*laxation of tlic arterioles, and the consequent engorgement 
of the glandular elements, will produce this identical effect— 


Langley: Schufer’s “T. B. of Physiol.,” vol. ii, p. 626, 1900. 
^^Goltz: Arehiv £. d. ges. Physiol., Bd. lx, S. 174, 1874. 
Langley: Iah\ cit., p. 611. 



SYMPATHETIC AND STRICTO-DILATORS. 1191 

without iu the least pointing to the presence of sympathetic 
“inhibitory” or “vasodilator” nerves. 

This indicates that “inhibition” is not a function at all, 
and that what has been regarded as such is but an experimental 
phenomenon, and that the sympathetic has no “dilator” func- 
tions. 

The “secretory” function of the sympathetic is poised on 
an equally weak foundation. Morat^'^ writes: “In 1880, Luch- 
singer observed that stimulation of the cervical cord causes an 
abundant secretion of the sudoriparous glands in certain regions 
of the face (groin [snout J in the pig, muzzle in the ox), just 
as that of the dorso-lumbar sympatlielic causes secretion of the 
glands of the hindlimb in the cat and dog. Czermak had 
already observed that sliinulation of the cervical cord reacts 
on tlie submax illary gland, causing a very thick saliva lO How 
from it ; in both cases the motor or secretory nerves of the 
glands are put in action, this being another si)ecies of nervous 
action which may he added to the preceding.” Again, “Cl. 
Bernard, in investigating tlie elVects of the section of the cer- 
vical cord in the horse, had observed that the corresponding 
side of the face and neck was covered with sweat. But this 
phcnonienon was then interpreted,” remarks the author, “as 
being dependent on the vascular paralysis which follows this 
secretion. It is probable that it means something further, 
namely, the cessation of an inhibitory influence conveyed by the 
great sympathetic to the sweat-glands.” 

The supposed inhibitory influence of the sympathetic hav- 
ing proven to be an artificial phenomenon, as just shown, the 
opinion of Claude Bernard, that the sweating following division 
of the sympathetic was due to paralysis of the vessels, t.e., to 
their passive relaxation, stands. Bernard’s conclusion is not 
only sustained by my views, but it affords, moreover, the clue 
to secretory phenomena observed when the central end of the 
cut nerve is stimulated. Indeed, the fiuid secreted differs from 
true saliva both in physical properties and quantity secreted. 
It is far more viscid, and, as shown by Heidonhain, the quantity 
secreted, both in dogs and rabbits, is very limited. “Unless 
the gland has been secreting under the influence of the cranial 


J^Morat: Loc. clt.^ p. 319. 



1192 INTERNAL SECRETIONS IN PHARMACODYNAMICS. 


nerve [the chorda tympani], before stimulation of the sympa- 
thetic/' writes Langley/** “this stimulation causes secretion of 
a few drops only, or it may be much less. Thus, in the dog, 
stimulation of the sympathetic for a minute will ordinarily pro- 
duce two or three drops from the submaxillary gland, and per- 
haps half a drop from the sublingual." To call this a “secre- 
tion" requires, to say the least, considerable good-will, espe- 
cially in view of the fact that if the sympathetic fibers are 
regarded as the vasoconstrictors of the glandular vessels, con- 
striction of the latter by stimulating the cervical sympathetic 
sufiices to cause the forcible projection, into the gland, of an 
excess of blood sutlicient to account for the “saliva" secreted — 
a few drops of a serum-like lluid. In fact, if the vessels are 
allowed to relax and to fill again, the secreting process may 
be renewed at corresponding intervals. Thus, Langley writes: 
“'rhe maximum total amount of saliva is obtained by stimulat- 
ing the sympathetic for shoi't periods, with short intervals of 
rest. Stimulated in this way — say, during every half-minute — 
the sympathetic will give from the submaxillary gland of the 
dog one-thirtieth to one-sixtieth of the quantity of saliva that 
would be obtained by similar stimulation of the chorda tym- 
pani." 

Here, again, we arc certainly not dealing with a secretory 
function, but with an artificial process. And this applies as 
well to Luchsinger s observation upon the snout of swine and 
the muzzle of oxen. By stimulating the cervical sympathetic, 
he caused excessive constriction of the smaller arteries and 
arterioles supplied by this nerve, and caused them to increase 
momentarily tlie work of the sudoriferous glands of the regions 
mentioned. 

A brief review of the three main organs, the stomach, 
intestine and heart, in which the sympathetic is supposed to 
produce “inhibition" or carry on “secretory” or “motor" func- 
tions, will also show their true identity. 

Secretory functions arc ascribed to the sympathetic supply 
of the stomach by some investigators, in addition to those so 
conclusively shown by Pawlow to belong to the vagus. But 
Fremont’" found that when the stomach was solely supplied 

Langley: Sch&fer’B “T. B. of Physiol./* vol. 1» p. 495, 1898. 

Fremont: C. r. de I'Acad. de m^d.. Stance du 19 Nov.. 1895. 
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by this nerve, f.e., when both vagi had been divided, the secre- 
tion obtained was neutral and mucoid, and that it differed 
totally from the active gastric juice obtained when the vagi 
were whole, a fact which coincides with the experimental phe- 
nomena witnessed in the submaxillary gland. Pawlow^** showed 
that division of the splanchnic nerve did not inllucnce the 
character of the gastric secretion, thus indirectly sustaining 
Fremont^s conclusion. Contejean’" ascertained that in frogs, 
the sympathetic had but little iniluence upon the secretion. A 
similar conclusion was reached by Onuf and Collins-*^ after 
experiments in cats. Nor are the movements of the stomach 
even governed by this nerve. Schiff taught that motor fibers 
were supplied by the sympathetic, and Alorat “observed one 
case in which the rhythmical contractions of the stomach 
(and intestines) were augmented on stimulation of the splanch- 
nies.^'-^ As a rule, however, he found tJuit “excitation of 
the^e nerves caused diminution of the tonus as well as of the 
rhythmic contractions of the stomach.’’ Starling^“ points to 
the trend of modern thought in this connection, when he says: 
“All observers, however, agree in describing tlie vagus as a 
motor nerve for tlie stomach.” 

It is clear, therefore, that the sympathetic is not the secre- 
tonj nerve of the stomach, nor the molar nerve of its walls, and 
that the only nerve concerned with these functions is the vagus. 
On the other hand, the diminution of the tonus points clearly 
to excessive vasoconstriction — i.^., -to the vasoconstrictor role 
of the sympathetic. 

Concerning the vasomotor innervation of the inlestiac. 
Langley*^ states that “nothing is yet known as to the nerve-cell 
connection of the cranial nerve-fibers to the gut,” and, refer- 
ring specifically to the sympathetic, the cranial and the sacral 
autonomic systems, says: “The relation of the enteric nervous 
system to those just mentioned is at present only a matter of 
guesswork.” This state of things is plainly due to the mis- 
leading influence of excessive experimental vasoconstriction. 

^“Pawlow: Archiv f. Physiol., S. 63. 1895. 

^■Contejean: Arch, de physiol, norm, ct path., Oct., 1892. 

^ Onuf and Collins: Arch, of Neurol, and Psycho-Path., vol. ill, p. 3, 1900. 

=* Cited by Starling: Schafer’s “T. B. of Physiol.," vol. ii, p. 324, 1900. 

=» Starling: Ibid., p. 323. 

2® Langley: Ibid., p. 694. 
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The innervation of the intestine may be said to correspond with 
that of the stomach. Kaiser/^* Ludwig, Ogata^® and others 
have shown that the digestive process may proceed in the 
absence of the stomach. Now, Howell,-® voicing the prevailing 
opinion, states that the fibers received from the sympathetic 
“give mainly an inhibitory effect when stimulated, although 
some motor fibers may ajiparently take this path.^^ As “inhi- 
bition^^ means, in tlie light of foregoing facts, hyiierconstric- 
tion of the arterioles, lioweirs statement proves that the sym- 
pathetic supplies vasoconstrictor fibers to the intestine. In- 
deed, several investigators, including lietz, van Braam-llouck- 
geest,-^ Mall-® and Starling,-® found that amnmia “inhibited’’ 
all the movements of the intestines. Kxperimental dirminution 
of blood in the intestinal vessels produces a corresponding 
effect. Thus, Starling states that if tlie aorta in the chest be 
obstructed, “there is a gradual diminution of intestinal tonus.’’ 
...... “If now,” adds this physiologist, “the blood be let in, 

the intestines contract immediately once or twice, then pause, 
and then recommence their rhythmic movements.” This 
clearly shows that inhibition is due here, as elsewhere, to a 
deficiency of blood, whether the supply be reduced by exces- 
sive constriction of the intrinsic vessels or by obstruction of 
the afferent blood-stream at a remote spot. 

AVhilc the sympathetic thus clearly asserts itself as the 
vasomotor nerve of the intestine, the true motor nerve of the 
intestine is as evidently the vagus: “The small intestine and 
the greater part of tlie large intestine,” writes Howell,®" 
“receive visceromotor nerve fibers from the vagi and the sym- 
pathetic chain. The former, according to most observers, when 
artificially stimulated, cause movements of the intestine, .and 
are therefore regarded as the motor fibers.” 

All this does not mean that either the stomach or intes- 
tine are totally dependent upon their connections with the 
central nervous system either for their secretory or motor func- 
tions. Considerable testimony is available to show that they 

Kaiser: Czerny’s “Beltragen zur operat. Chlrurgle,” Stuttgart, 1878. 

^ Ogata: DuRois-Reymond’s Arohtv. p. 89. 1883. 

» Howell: “Amer. T. B. of Physiol./’ p. 384, 1900. 

van Braam-Houckgeest: Archlv f. d. ges. physiol., Bd. vl, S. 266, 1872. 

"Mall: Johns Hopkins Hosp. Rep., vol. 1, p. 37, 1896. 

"Starling: Lor. rff.. vol. il, p. 331. 

"Howell: “T. B, of Physiol.,” p. 648, 1905. 
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can autonomously secrete and undergo peristaltic movements, 
in virtue solely of their inherent irritability. Adrenoxidase 
is an important factor in this connection, since, as we have 
seen, the irritability of all cellular elements is governed by the 
activity of the interchanges of which they are the seat. 

As to the heart, we have already seen that its coronaries 
are supplied with true vasomotor nerves, and 1 referred at the 
time to tlic fact that the large vessels dilfered from the smaller 
as to the source of the vasoconstrictor lil)ers, the sympathetic 
being an autonomous system. Indeed, the sympatludic gives 
rise to its own characteristic ])hcnomena when, from any cause, 
it produces vasoconstriction of the terminal arterioles which 
it supplies. “It has long been known,-’ write Brodie and Rus- 
sell, “that slowing of the heart or arrest of the heart can be 
brought about rellexly by excitation of almost any affercMit 
nerve of the body if the stinndus ])e suthciently great.” , Par- 
ticularly sensitive in this connection are the abdominal viscera, 
especially, according to '^rarchanoff'^- and Fran(,*ois-Franck,^“ 
when these organs are inflamed. Goltz'** found that tapping 
of a frog’s intestines or stomach readily inhibited the heart. 
We have in tlio pugilistic “solar plexus” blow a familiar cause 
of reflex inhibition — not any more a physiological process than 
the supposed controlling influence of the vagus on the heart. 
I’he manner in which the sympathetic vasomotor terfiiinals pro- 
duce this reflex inhibition is suggested by the fact that Newell 
Martiir"^ “found that stimulation of the vagus causes dilatation 
of the small arteries on the surface of the heart as seen through 
the hand lens.” “Moreover,” writes llowelP" in this connec- 
tion, “when the heart is exposed and artificial respiration is 
stopped, the arteries may be seen to dilate before the asphy.xia 
causes any general rise of arterial pressure.” These results 
arc readily accounted for when it is borne in mind that the 
sympathetic fibers are distributed only to the terminal arter- 
ioles. The two exciting agents (toxic wastes due to hypo- 
catabolism when artificial respiration ceased, as to the second 

” Brodie and RtiBsell; Jour, qf Physiol., vol. xxvl, p. 92, 1900. 

** Tarchanoff: Arch, de physiol, norm, et path., T. il, 2 s^rlo, p. 498, 1875. 

Praneois-Pranck: Trav. du Lab. de Marey, 11, p. 221, 1876, 

**Golt 2 : Virchow’s Archlv, Bd. xxvl. S. 1, 1863. 

“ Newell Martin; Trans. Med. and Chlr. Faculty of Maryland, p. 291. X891. 

“Howell: ‘‘T. B. of Physiol.,” p. 550. 1906. 
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cause), by causing constriction of these terminal vessels, 
obstruct tlieir blood-stream, and cause the latter to expand the 
vessels behind the seat of obstruction. 

nds brings us to the specific functions of the sympathetic 
terminals. Howell,'*^ in his review of the tonie activity of vaso- 
motor nerves, says: “formally, the arteries — that is, the arte- 
rioles — are kept in a condition of tone by impulses received 
through the vasoconstrictor fibers.” He evidently means 
sympathetic fibers, for all the examples he cites refer to stimu- 
lation of sympathetic nerves. Moreover, Hall, in accord with 
all other physiologists, states that the smaller arteries and 
arterioles are supplied with sympathetic vasoconstrictor fibers. 
Xow, Ilow’ell writes: ^‘When vasoconstrictor fibers are stimu- 
lated there is a rise of blood-pressure in the artery supplying the 
organ and a fall of pressure in tlic veins emerging from the 
organ. 'Fliis result is what we should expect if the constriction 
takes place in the region of the arterioles.” I'his clearly iden- 
tifies the sympathetic with the function of the organ, and sug- 
gests that it influences in some way the volume of blood ad- 
mitted into it. 

The need of such a regulative factor almost imposes itself 
in view of the following additional statements by Howell: ^‘The 
capillary region, including the smallest arterioles and veins, 
offers a great resistance to the flow of blood, and this resistance 
is spoken of as the peripheral resistance. Its effect is to raise 
the pressure on the arterial side and lower it on the venous 
side. When other conditions in the circulation remain con- 
stant it is found that an increase in peripheral resistance, 
caused usually by a constriction of the arterioles, is followed 
by a rise of arterial pressures and a fall of venous pressures. 
On the contrary, a dilatation of the arterioles in any organ is 
followed by a fall of pressure in its artery or arteries and a rise 
of pressure in its veins.” This quotation repcjits, in a measure, 
the contents of the foregoing paragraph. If, however, the two 
are carefully compared, a salient feature will assert itself, 
namely, it is the sympathetic fibers supplied to the arterioles 
which govern peripheral resistance and that, therefore, peri- 
pheral resistance is governed by the sympathetic center. ^ 


«Howell: 7Md.. p. 538. 
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The far-reaching importance of this function will now 
assert itself. Osier®** remarks: “Tissue irrigation is primarily 
from the heart, but in all extensive systems of this sort, pro- 
vision is made at the local territories for variations in the sup- 
ply, according to the needs of a part. The sluices are arranged 
by means of the siop-coch action of the arteries, which contract 
or expand under the inlluence of the vasomotor ganglia, cen- 
tral and peripheral. If the sluices of one large district are too 
widely open, so much blood may enter that other important 
regions have not enough to keep them at work.^’ Now, this 
“stop-cock action of the arteries^’ cannot be accounted for when 
the vasomotor system per se is considered as the mechanical 
factor in the process, since constriction of the larger vessels 
would overcome that of the smaller into which they drive their 
blood. The body is, therefore, as I have shown in the sixteenth 
chapter, provided with an autonomous vasomotor system, the 
sympathetic, which presides solely over this “stop-cock action.” 
The ganglia to which Osier refers are, in fact, as every one 
knows, the sympathetic ganglia. 

This “stop-cock action” has a specific purpose in this con- 
nection, however, namely, that of enforcing the resumption of 
their normal caliber to the small vessels and arterioles after 
dilation by the stricto-dilators, ^rhrough this role, sympathetic 
fibers take an active i)art in all organic functions, as will now be 
shown. 

In the eighteenth chapter I submitted the evidence which 
had led me to conclude (1) that an exacerbation of activity in 
any organ was the result of the admission into it of an excess 
of blood over and above that circulating through it during 
repose; (S2) that this was brought about by dilation of the 
arteries which admitted the blood into this organ; (3) that this 
dilation was due to diminution of adrenoxidase in the walls of 
these arteries and the resulting hypocatabolism therein; and 
finally (4) that this was accomplished by cranial motor-nerve 
terminals distributed to the vasa vnsorum or capillaries which 
nourished these vessels. 

Now, this “stricto-dilation” of the supply arteries may well 
be compared to turning on of the blood-stream by opening the 

“ Oslor: “Pract, of Medicine,” p. 718, 1905, 
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stop-cock. It is obvious^ however^ that so important a func- 
tion as the resumption by the dilated arterioles of their normid 
caliber^ i.e., to a degree of contraction exactly adapted to nutri- 
tion and just short of functional activity^ cannot be. left to so 
uncertain a process as passive dilation. Nor can it be left to 
the fibers of the vasomotor system, for this would entail con- 
striction of the larger arteries of the body also, and, by forcibly 
dilating the small arteries of the organ, defeat the object in 
view. But this object is fulfilled by terminal fibers of the 
sympathetic which provoke vasoconstriction of the arterioles. 
They reduce the volume of blood admitted into the organ dur- 
ing active function — partly turn off the stop-cock, as it were 
(not entirely, since this would cause arrest of function, i.e., 
inhibition), and cause the organ to resume the passive state — 
a condition in which it is ever ready to become active when the 
stream of blood passing through it is again enlarged through 
the vasodilator impulses of the stricto-dilators. 

The . schematic illustration shown herewith represents in 
Pigs. 1 and 2 the mechanism through which an arteriole is 
dilated by the stricto-dilators, which are fibers of a cranial 
motor or secretory nerve (the vagus, facial, etc,), during func- 
tion; and then restored to the passive state by the sympa- 
thetic vasoconstrictor fibers. This accounts for the fact that 
the sympathetic center is located, as I pointed out in the six- 
teenth chapter, in the same organ to which I had traced the 
cranial nerves, viz., the posterior or neural lobe of the pituitary 
body. The purpose of this intimate relationship is self-evident, 
now that' We have seen that the functions of all organs are 
carried on by the joint action of the terminals of a cranial and 
sympathetic nerve. 

Briefly, it appears to me: (1) That the sympathetic 
system does not, as now believed, carry on motor, dilator, 
secretory, or inhibitory functions; (2) that its function is 
purely vasoconstrictor, its field being limited to the small arte^ 
ries or arterioles; (fl) that it is entirely independent of the 
vasomotor system (whose action is general), being capable, unlike 
the latter, of influencing each organ individually; (4) that its 
terminals form part of the mechanism of all organs; (5) that 
the specific role of its terminal fibers is to oppose the stricto^ 




sriHEMA nr the sthictu-ellatur (cran- 

lAL^MDTLIR) AND SYMPATHETn.] NPRVES IN 
THEIR RELATinNS TD DREANTC FTJNCTLnN. 

/Hnjnii}-!.] 

FJf?. 1. LIURINu FTTNUTIDN; ilrlRTlale a dllatGri; stTlcto-dllatur h ac- 
tive ami vasa vascTuiu c cuii.sili’lctBd; syjnpalhcllc d passive, 

Fig. ?1. UITRING RFG'r, oTgaii ’being kept nani'lshBd; ArtETlclH a RRini- 
r.m: ract-idi atrlctn-dtlatnT b iiaaslvo and vasa vasiii’Qin c tillatad; sympa- 
tliRlli: d actlvi.s 

Fig. 3. HTJRING INHIBTTION (rxghssIvr and thRPafnre rnnrlild cnr.- 
stplidlnn), tile crgan being deprived nf blend! ilrterlnle a, lumen nbllmralnd' 
atrlnlij-dllatnr b pa.sslva and vasa vasnrum c dilated; sympathetic d evnr- 
actlvR, 





SYMPATHETIC AND STRICTO-DILATORS. 


1199 


dilators and restore the arterioles of an organ to their normal 
caliber when the functional activity of that organ is to cease; 
(6) that the volume of blood which circulates through any 
organ, whether the latter be in the passive state or functionally 
active, is regulated by the joint action of the motor and sympa^ 
thetic centers in the posterior pituitary; (7) when the organ is 
to become functionally active, the stricto-dilators cause its ves* 
sets to relax and to augment the volume of blood coursing 
through it; when its activity is to cease, the sympathetic con- 
strictors cause the vessels to contract sufjicienily to reduce the 
blood in transit to the volume required for adequate local 
nutrition. 

Till* conjoined iictioii of the fiyuipathetic and cranial 
terminals subserves another role of special importance in 
patholo^^y and therapeutics. 

That the sympathetic libers distributed to the arterioles 
serve to maintain their tone is a recognized fact. It becomes 
a question, however, whether so simple a meclianism meets tlie 
needs of tlie functions these small vessels must perform. The 
blood they transfer into the capillaries meets therein very great 
resistance, not only in the skin, the familiar ^^peripheral 
resistance,’^ but in all organs. The diffusion of the blood- 
plasma through the endothelial walls of the capillaries is so 
closely interwoven with the vital process itself that the need 
of a mechanism to regulate the pressure in the capillaries 
almost imposes itself. The regulation of the surface tempera- 
ture, so important to the well-being of the entire organism, also 
seems to require the presence of a local mechanism capable of 
adjusting the cutaneous circulation to the needs of the moment. 
Blushing, which under the influence of emotion may occur sud- 
denly and last as long as the emotion lasts, betokens the pres- 
ence of something more than a system of fibers calculated to 
sustain vascular tonicity, especially when peripheral resistance 
is taken into account. The flushings of menopause, the “heat- 
waves” of various disorders, localized inflammation, etc., all of 
which occur irrespective of any general febrile state and fever 
itself, arc but examples of many patho-physiological phenomena 
which point in the same direction. 

All the evidence submitted in the foregoing pages not only 
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affords additional testimony to the effect that a more impor- 
tant nicelianism is present at the threshold of the capillary sys- 
lem than has as y(;t been discerned, but it indicates a close 
parallelism between the physiological role of the heart and that 
of the arterioles. The heart’s innervation consists likewise of 
cranial and sympathetic filaments by which the organ’s con- 
tractile power and rhythm are regulated. Like the arterioles, 
it has great resistance to overcome, and does it by periodical 
muscular contractions — dilation to admit the blood it is to dis- 
tribute throngli the arteries, constriction to project it into 
these vessels. Hriidly, the arterioles, considered in this light, 
are, like the heart, contractile muscular organs which, owing 
to their contractility (governed by cranial and sympathetic 
nerves through impulses received from their respective centers 
ill the posterior pituitary), arc able to project and actually 
prnpel the l)lo()d with snflicient vigor to overcome resistance. 
While the heart imiicls its blood into the arteries, the arterioles 
proj(!ct theirs into the capillaries — pumping each wave in, as 
it were. 

We have striking examples of sucli a function in many 
lower forms, ij\, animals in which a vessel may even fulfill the 
functions of a lu*art. ‘Tn the various groups of worms there 
are many which possess a very elaborate vascular system,” 
writes Willey, “while not one of them possesses a heart. In 
fa(‘t, in tin* last mentioned forms, the phure of a heart is taken, 
functionally, by conirariUe hh(Hl-v fis.se Is. And this is the case 
with Ampliioxiis” — a lively little animal, as any one knows who 
has handled it. 

The manner in which the blood streaming through the arte- 
rioles is further ])ropelled by the contractions of these vessels 
at each pulsation, suggests itself when a peculiarity in the struc- 
ture of the muscular coat of these small arteries is taken into 
account. Lerdal'’”® states that “inuscle-cells form a single and 
continuous layer around the small vessel” and that “they arc 
wrapped spirnlly around the arteriole.” Hliis is shown in tlie 
annexed plate. That they receive nerve-fihers, i.e., sympathetic 
filaments, we have seen. Now, nerve-impulses to muscle-cells 
so disposed around a vessel, cause not only constriction, but also 


““ Ucrdal: "Hlstologie Normale,” p. 307, 1894. 
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— the contraction starting from the inner end of the spiral mus- 
cle .and proceeding toward the capillary — centrifugal ])ropul- 
sion of the blood. This mechanism, which may be likened to 
that of a tight ring slid along a flexible tube, is a counter- 
part of that to which the propulsion ot* food-stuifs in the intes- 
tinal canal is due. Indeed, this parallelism appears to me very 
suggestive, since the intestines and arterioles represent in n'alily 
the extremities of the alimentary system: the int(‘Stines for the 
admission of food materials, and tJic arterioles for their dis- 
tribution to the tissues. 

As a corollary to the foregoing eonelusions, I would sug- 
gest, therefore: (1) that the cranial and si/inpathclic filamcntii 
distributed to the arterioles carry on an additional and more 
important function than that of inalniaininy their tonus; (2) 
that these nerves, owing to the presence in the walls of the arte- 
notes of spirally disposed muscles, endow these vessels with a 
special property: that of increasing the vis a tergo motion of 
the blood in order to overcome the resistance of the capillaries. 

DRUGS WIITCTI PROMOTE THE FORMATION OF AUTO-ANTT- 
TOXIN AND INCITE AN ARTfFK lAL FEVER RY EXCITING 
THE VASOMOTOR AND SYMPATHETIC CENTERS. 

^^Sinee the researches of Claude Bernard, of A^ulpian, of 
Ivbllikcr,^^ writes Kichet,’“^ ^Mdie term ^mrarizing poisons’ is 
given to many substances which, like (uirare, abolish the action 
of motor nerves upon muscles. The aciion of these sub- 
stances,” adds this eminent physiologist, however, ‘‘is hardly 
better known than that of curare itself. It is generally ad- 
mitted that it is upon the intramuscular terminals that these 
poisons elect to attack; but we are far from being informed 
as to the modifications of which they are the seat.” The list 
of the poisons referred to includes the alkaloids of drugs in 
general use, atrojiine, aconitine and brucine, for instance. 

As interpreted from my standpoint, the prevailing belief 
that these drugs act directly upon the nerve-endings is errone- 
ous and misleading. 

That a motor nerve augments the volume of blood supplied 
to an organ, and thereby incites functional activity, was shown 

••Rlchet: Lof. p. G22. 
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by Claude Bernard. Indeed, as emphasized by Arnold, Brown- 
Sequard, Budge, and recently by Jacques Loeb/® ganglia and 
nerves serve only to increase the inherent sensitiveness of a 
given structure by enhancing, through a greater blood supply, 
its intrinsic metabolism. 1 have just pointed out how this is 
accomplished, viz., by stricto-dilation of the arterioles of an 
organ. We have seen, moreover, that when the functions of 
this organ are to cease, the sympathetic fibers distributed to 
the muscular layer of its arterioles cause the latter to contract. 

The effects of curare — and of the many poisons it exem- 
plifies — are no longer obscure when this mechanism is taken 
into account. 

It is now claimed that the classical experiments of Claude 
Bernard and Kdlliker, in which ligation of the arteries of one 
leg protects it from the effects of the poison, prove that curare 
acts directly upon the peripheral tissues and not primarily on 
the central nervous system. This claim is unfounded, how- 
ever, in the light of my views, since the immunity of the leg 
referred to can be explained in another way. Thus, if the 
injected curare, by acting directly upon the sympathetic center^ 
were to cause suHicieiit constriction of the arterioles of the leg- 
muscles, ligation of the artery of that leg would also annul the 
effects of the poison in that leg, since the resulting ischaemia 
of the walls of the arterioles below the ligature would prevent 
the marked constriction of the sympathetic terminals, which 
causes paralysis by blocking the circulation to the nerve ter- 
minals, the muscles, etc. The poison, by irritating the central 
origin of the nerves to the arterioles, would thus paralyze all 
the muscles of the body with the exception of those of the 
limb, as observed experimentally. 

As we will sec, this general principle is applicable to many 
drugs, including anaesthetics and analgesics. In the case, at 
least, of some of the latter, the action on the sympathetic cen- 
ter is of such importance that the peripheral effects are arrested 
experimentally by section of the basal or spinal paths through 
which sympathetic impulses arc transmitted. 

Kichet also says, however: ‘‘Nerve-cells arc exceedingly 
varied, and tlie various poisons do not exert the same action 

" Jacques Loeb: Loc. cit., p. 30 . 
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upon them. There are special allinities by this or that nervous 
element, for this or that poison. Atropine will fix itself upon 
the nerve-terminals of the motor cells of the third or tenth 
pair; curare, upon the motor nerves of vegetative life; mus- 
carine, upon the cardiac ganglia; digitalinc, upon the bulbar 
cardiac centers; cocaine, upon the sensory terminals of nerves.” 
While the fact that the local application of the drugs referred 
to produces these effects,, such is not the case (in the light of 
my views) when they arc administered orally, subcutaneously or 
intravenously; all the “curarizing” drugs act in tiie manner 
specified above, viz., by exciting the sympathetic center, either 
alone or as one of the centers of a group for which the drug 
may have special affinity — precisely as it has for peripheral 
nerve-cells when applied topically. 

The action of a drug upon the vasomotor center — affecting 
through it the larger vessels — is shown in the following experi- 
ment related by Leonard Hill ‘‘By the injection of essential 
oil of absinthe in a ciirarized animal, the vasomotor center can 
be excited to the discharge of a succession of powerful spasms, 
by each of which the arterial pressure is driven up to a great 
height. This phenomenon suggests a clonic fit of the center, 
the clonus of involuntary muscle naturally taking place at a 
far slower rate than that of skeletal muscles.” It is evidently 
the action of the vasomotor center alone which caused the great 
rise of pressure, since — interpreted from my viewpoint — the 
curare had already excited the sympathetic center, producing 
excessive constriction of the arterioles and (what is now be- 
lieved to be paralysis of the nerve terminals directly by the 
poison) ischa['mia of the nerve-endings and arrest of their func- 
tions. The great rise of blood-pressure itself thus becomes a 
normal result of the obstruction presented by the constricted 
arterioles to the blood projected towards the periphery by the 
deeper and greater vessels which are themselves constricted, but 
through impulses from the vasomotor center. An important 
feature is emphasized by these facts, viz., that the vasomotor 
center can be stimulated independently of the sympathetic 
center, and vice versa. 

These two centers may even be caused to antagonize each 

^-Leonard Hill: Schafer’s “T. B. of Physiol.,” vol. 11, p. 139, 1900. 
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other. Thus, as stated by Stewart,^* a small dose of atropia, 
given hypodennically, ^‘abolishes the secretory action of the 
chorda tympani.^^ He also says, however, that ‘‘pilocarpine is 
the physiological antagonist of atropia, and restores the secre- 
tion which atropia has abolished,^^ as first shown by Langley. 
Now, after atropia, by stimulating the sympathetic center, has 
caused hyperconstriction of the arterioles, the chorda tympani 
can no longer increase the fiow of saliva when excited, because 
the arterioles are kept constricted by the sympathetic constric- 
tors. This is overcome by pilocarjjine, however, because it 
causes (1) “after a few moments,” as stated by Wood,^® ‘^the 
characteristic phenomena of a slow pulse with increased arterial 
pressure” — which means that it excites powerfully the vaso- 
motor center, the slowing of the heart being due to the 
increased resistance of the blood-column. This provides a 
mechanical agent capable of enforcing relaxation of the con- 
stricted arterioles: the centrifugal pressure of the blood pro- 
jected into it by the deeper contracting arteries. 

We thus have two centers acting individually, sympathetic 
and vasomotor, and peripheral effects which require no local 
action of the drugs to account for them. If we now add the 
adrenal center, influenced through the test-organ, and the reac- 
tion of which to toxics has already been shown, we have three 
centers which (simply because of their identity as the most 
highly organized sensitive structures of the body) are stim- 
ulated — or better, irritated — ^by certain agents, several of which 
are among our time-honored remedies. 

The remedies studied in the present chapter will include 
those which, besides calling forth a reaction of the test-organ 
and through it increased functional activity of the adrenal cen- 
ter, excite (as a foreign constituent of the blood) either the 
sympathetic center or the vasomotor center. It will be shown 
that in each case the specific action of the drug is accounted 
for through the combination of centers affected, and the degree 
of irritation to which the drug submits each of them. Al- 
though the latter are always placed in evidence, and the data 
submitted, in accord with recorded experimental evidence, point 

Stewart: **ManuaI of Physiol..'* p. 347. 1900. 

^Wood: hoc, cit.t thirteenth edition, p. 724, 1906. 
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to them as the nervous elements (owing to their greater 
inherent sensitiveness) most actively excited by the drug, it is 
possible that in the case of some agents, strychnine for example, 
the subsidiary centers of the cord, bulbar and spinal, may be 
likewise excited as they are in the lower vertebrates, the frog, 
for instance. This applies mainly, however, to those drugs 
which affect the vasomotor (bulbar) center. In drugs of the 
coal-tar series, such as antipyrin and other antipyretics, for 
example, all effects cease when the base of the brain is tran- 
sected far above the bulb and immediately in front of the 
pituitary body — the organ which contains the adrenal and sym- 
pathetic centers. 

A salient fact asserts itself in this connection, however, 
viz.^ that dnigs administered internally invariably affect nerve- 
cells of the spinal system only. There is no tangible proof in 
support of the prevailing belief that drugs, belladonna and 
cocaine, for instance, produce delirium by acting directly on 
the cerebral nerve-cells; while, conversely, there is ample evi- 
dence to the effect that hyperaemia of these cells — especially in 
view of the fact pointed out by myself that adrenoxidase-ladcn 
plasma circulates in nervous elements as it does in all other 
cellular elements — can provoke this symptom. Ilyperjemia is 
purely a motor phenomenon, t.e., an excess of blood driven into 
the brain by excessive vasomotor activity. We have in the 
cutaneous hyperassthesia produced by corresponding drugs, not 
only evidence to this effect, but proof that the sensory ele- 
ments — such as those of which the entire cerebrum is composed — 
(though capable of transmitting impulses to the cord which 
therein awaken motor stimuli) can be rendered overactive by 
a supranormal supply of blood. 

On the whole, in the light of my views, (1) drugs admin^ 
istered by the mouth or hypodermically produce none of their 
effects by acting directly on peripheral structures, including the 
cerebrum, heart and cutaneous sensory nerve organs; (2) they 
invariably do so by stimulating or depressing one or more cen- 
ters in the spinal system, and particularly, and in many instances 
solely, those located in its chief center, the ,posterior pituitary 
body. 

The drugs reviewed in the present chapter are those which 
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— as I interpret their physiological action — stimulate the three 
centers referred to — all of which influence the body at large. 
When stimulated by either of these drugs, the sympathetic cen- 
ter reacts in its own specific way. In other words, it is the 
function of the sympathetic terminals to regulate the tonus of 
the arterioles, t.e., their mean caliber during their dilation and 
contraction at each pulsation, and it is this function that they 
exaggerate when their center is excited: they reduce this mean 
caliber. At first, however, or when small tlicrapeutic doses are 
given, this serves only to increase the jxropulsive activity of the 
arterioles, for the abnormal narrowing of these vessels is fol- 
lowed by their reflex dilation (stricto-dilation from my view- 
point) — a generally recognized function, the increase of the 
propulsive power being due to the fact that both dilation and 
contraction of the vessels arc exaggerated. Gradually as the 
dose is increased, however, the sympathetic stimuli become so 
energetic that the arterioles are k'cpt constricted, the vasodila- 
tor reflex action being increasingly overpowered. Finally, their 
constriction becomes such that their lumen is obliterated, a 
condition which entails death by arrest of the circulation in 
the heart muscle. 

The drugs which excite tlie vasomotor center, by provoking 
constriction of the larger and deeper vessels, rorce an increased 
volume of blood towards the periphery. The arterioles may 
not only remain passive under these conditions, but they may 
be forcibly dilated by the centrifugal streams, and the blood 
invlide the tissues. The symptoms of excessive liypernemia 
witnessed, cerebral, muscular, etc., are but normal results of 
such a process. 

The drugs reviewed in the present section are all able 
more or less actively to excite the test-organ, and thus to 
increase, througli the adreno-thyroid center, the volume of adren- 
oxidase and thyroidase produced. This means that they can 
enhance the protective properties of the blood by augmenting 
its proportion of auto-antitoxin. The main subjective phenome- 
non awakened is a rise of temperature, .the adrenal center being, 
as I have shown, the heat or thermogenic center. Altliough the 
adrenal center is alone mentioned in this connection, it is be- 
cause the only phenomena in evidence are traceable only to this 
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center. That its ^Hhyroid” moiety is also active is probable, 
however, since an increase of adrenoxidase involves a corres- 
ponding increase of all its constituents, including thyroidase. 

The effect produced by the simultaneous excitation of vari- 
ous combinations of these three centers can be best illustrated 
by an outline of the mode of action of the various drugs treated 
in this chapter. It will serve to show, moreover, that notwith- 
standing the simpler explanation of their action which I sub- 
mit, the specific action of each drug remains clearly defined. 

The physiological action of belladoima and airopine illus- 
trates the joint action of the adrenal and sympathetic centers. 
A protective reaction of the test-organ being provoked, tho 
blood is rendered richer in adrenoxidase and therefore in auto- 
antitoxin. The sympathetic center being simultaneously ex- 
cited, the propulsive activity of the arterioles is enhanced and 
an unusual quantity of blood rich in adrenoxidase and auto- 
antitoxin is thus projected into the capillaries of all organs. 
Hence the cutaneous liypenemia and other symptoms observed. 
Tlie beneficial effects thus become plain: it initiates an artifi- 
cial fever, and enhances circulatory activity in exposed organs. 
Its toxic effects become manifest through the sympatlictic cen- 
ter, the result being excessive constriction of tlie arterioles of 
the licart and anterior pituitary, the circulation in these organs 
becoming inadequate to sustain life. 

Dujilalis likewise stimulates the two centers affeeded by 
belladonna. Indeed, like atropine, digitaline in large doses 
causes dryness of the throat, dilation of the pupil, ha.lucina- 
tions, etc. Digitalis differs from belladonna, however, in that 
it excites much more actively the adrenal center, and with less 
vigor the sympathetic center. The blood is thus not only made 
richer in adrenoxidase and other substances which sustain 
metabolism and nutrition, but, the center which governs the 
propelling power of the arterioles being activated, the nutri- 
tional elements are driven into the tissues, including the vas- 
cular and cardiac muscle, with unusual vigor. The energy 
with which digitalis excites the test-organ, and through it the 
adrenals, manifests itself in another way: the direct action of 
the excess of secretion on the right ventricle. So marked is 
this action that large doses disturb the synchronism of the two 
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ventricles. It is through both the arterial and venous blood 
it receives that the heart's power is increased and sustained by 
adequate nutrition. 

Nux vomica and strychnine introduce another combination: 
stimulation of the adrenal center (through the test-organ) and 
of the bulbar vasomotor center. Here, the metabolic activity 
of all organs and their nutrition is likewise enhanced, but 
instead of activating the sympathetic center which increases 
the propulsive power of the arterioles, strychnine excites the 
vasomotor center only, and by thus provoking constriction of 
the deeper vessels, it causes a greater volume of blood to cir- 
culate in the smaller vessels and capillaries. Therapeutic 
doses, therefore, thus transfer to the arterioles an unusual 
quantity of blood — and thereby enable these small vessels to 
nourish the tissues more actively. When large doses are given, 
however, the stream forcibly dilates the arterioles, and iiighly 
oxygenized blood- invades the cercbro-spinal system, the mus- 
cles, the skin, etc., in such quantities that convulsions occur. 

Coca and cocaine assert themselves as more powerful stimu- 
lants of the test-organ and adrenal center than either bella- 
donna, digitalis, or strychnine. The resulting marked increase 
of adrenoxidasc in the blood not only augments correspondingly 
the activity of all metabolic processes, but as both coca and 
cocaine, like strychnine, excite the bulbar vasomotor center, 
this blood is projected in greater quantity into the arterioles, 
and, therefore, into the tissues. The characteristic effect of 
coca on the muscular system is due mainly, therefore, to its very 
marked action on the adrenal center, sustained by the rise of 
vascular tension, which floods, so to say, the muscular elements 
with highly oxygenized blood. The kinship with belladonna 
is shown by the fact that it causes, in large doses, dilation of 
the pupil, dryness of the mouth and throat, etc. ; with digitalis, 
by its powerful action on the heart-muscle; and with strych- 
nine, by its marked action on all muscles and its tendency in 
toxic doses to produce convulsions, the so-called ‘^cocaine 
epilepsy.” 

Quinine introduces a different phase of action, viz., irrita- 
tion of an increasing number of centers as the dose of the drtig 
is increased. Thus, when given in therapeutic doses, it excites 
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the vasomotor center, causing peripheral hyperacmia; larger 
doses excite the sympathetic center besides; still larger doses 
excite the test-organ in addition to the two others, and through 
it the adrenal center. The effects produced thus begin with 
slight cutaneous warmth and hyperaesthesia, and gradually, as 
the dose is raised, increase to headache, flusliing, tinnitus, 
etc., and then, in some cases, to a marked rise of the tempera- 
ture. The latter effect is shown to be due to the specific 
property which quinine shows prominently in malaria, i.e., a 
direct toxic action upon certain parasites, including the plas- 
modium malarias — but, unfortunately, the leucocytes also. 
This action is exercised irrespective of tlie inlliicuee of the 
drug upon the various centers, but the latter assists materially 
the curative process by causing a greater volume of blood to 
circulate in the capillaries — which include those of the liver 
and skin — thereby bringing about an artificial febrile process 
in which the quinine acts as the body’s immunizing agent. 

That these simplified conceptions of the physiological 
action of these various drugs arc sound, is shown by the fact 
that in every instance the indications they suggest in the many 
diseases in which they are used harmonize perfectly with the 
teachings of clinical experience. 

Idiosynckasy. — 1'his term is applied to the marked susc(‘p- 
tibility shown by many persons to the action of various drugs, 
^rhe cause of this phenomenon becomes evidemt when, in aci*ord 
with my views, nerve-centers are regarded as the sti’iictures 
directly irritated by drugs. In the first volume I referred to 
the posterior pituitary body as the sensorium commune, Le,, as 
the organ through which all violent emotions, shock, surgical 
shock, etc. — and to which I may add another obscure phenome- 
non, concussion, react upon the organism at large, all owing to 
the extreme sensitiveness of its highly organized centers. That 
blood contaminated by irritating drugs, poisons, toxins, etc., in 
circulating in the nervous elements of .such an organ, should 
readily excite these elements is self-evident. That such blood 
should not excite these centers to the same degree in all indi- 
viduals, however, is as obvious; it is here that, in my opinion, 
the secret of idiosyncrasy lies, viz., in an abnormal sensitiveness 
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of the nerve-centers upon which drugs act, and particvlarly the 
sympathetic center. 

This feature of the problem is illustrated by the action of 
some of the drugs studied in the present and in the next 
chapters. 


BELLADONNA AND ATUOPINE. 

Physiological Action. — Belladonna and its alkaloid, atro- 
pine, owe their therapeutic properties to the fact that they 
stimulate (1) the test-organ (anterior pituitary), and through 
it the adrenal center;* ** and (2) tlic sympathetic center (pos- 
terior pituitary), which governs the tonus and propulsive activ- 
ity of the arterioles.* 

Tlie exporiinenta of Iximbard/* confirmed by Calmette/® have shown 
that the ItMicocytes ingest atropine injected in the blood, and tliat tho 
latter itself (‘on tains but a very small proportion of the poison. As 
these cells ultimately secrete their contents, the drug is doubtless 
returned to the circulation, as is the ease with other drugs. Tho 
influence of the drug u[)on the test'OrgJin and adrenal center (which is 
also the heat or thermogenic center) is shown by its marked inllucnco 
upon the temperature. Thus, Meuriot^® observed, in man, an elevation 
of temperature ranging from 0.5® to 1.1® C. (0.0® to 2® F.) after the use 
of therapeutic doses, and refers to Eulenburg as having made a similar 
observation. He also obtained in dogs, from doses corresponding with 
the equivalents of therapeutic doses in man, a rise of from 1® to 3° C. 
(1.8° to 5.4® F.) ami alludes to Dumrudl, l)einarquay and Lecointe as 
having caused a rise of 4° C. (7.2° F.) after small doses, and a fall of 
3° C. (5.4° F.) after toxic doses. That this rise is due to excitation 
of the adrenal center, whe^re I located the heat-center, is shown by tho 
experiments of Ott and Collmar/’ who found that the rise of tempera- 
ture occurred irrespective of the variations of blood-pressure, and 
ascribed it, therefore, to a stimulating action of the drug on the ther- 
mogenetic centers. Again, we have seen that excitation of the test- 
organ, and through it the adrenal center, caused glycosuria; now 
Baphai'F® not only observed glycosuria when atropine was used experi- 
mentally, but also in individuals under the influence of large doses. 

The action of atropine upon the vascular mechanism is generally 
recognized. That it is the arterioles which are mainly influenced (since 
all vessels are to a certain degree constricted through the presence of an 
excess of adrenoxidase in the blood) is shown by the fact that toxic doses 
produce arteriole hyperconstriction, t.c., “inhibition.” Thus Bezold and 
Bloebaum®" found that when large doses of atropine were injected into 
the brainward blood-stream, t.r., the carotid, the heart was at once 
greatly slowed. That this is due to paralysis of the heart through 


• AntJior^a conclusion. 

** Lombard: Thdsc de Paris, 1901. 

“Calmette: Cited by Labb€: hoc. cit. 

“ Meurlot: Thdse dc Paris, 1808, 

"Ott and Collmar: Therap. Gaz.. Aug., 1887. 

“Raphael: Deut. mod. Woch., Bd. xxv, S. 451, 1899. 

40 ^zqld and Dlocbaum: Untersuchungen aus dcr physiol. Lab. zu Wlirz- 
burg, B. i. 
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deficient blood supply is shown by Cushny’s stiitement,*” that large quan- 
tities of atropine **weakcn and depress the lieart muscle, and the con- 
tractions consequently become slower and weaker, and the output of the 
heart is less than normal.” 

The central origin of all the phenomena produced by belladonna 
and atropine is demonstrated by the fact that Bezold and Bloebauni'^^ 
found transection of the upper portion of the spinal cord annulled its 
action on the blood-pressure, a fact confirmed by Wood. 

By its action on the test-organ and adrenal center bella- 
donna increases the proportion of adrenoxidase in the blood, 
while by its action on the sympathetic center, it enhances the 
blood-propelling power of the arterioles.* As a result, the 
capillaries of the entire organism are traversed by a supranor- 
mal quantity of arterial blood unusually active in oxygenizing 
properties.* Hence the sensation of warmth in the skin and 
mucous membranes, and the rise of temperature and transient 
flushing, observed even when small doses arc taken.* This is 
soon accompanied by dryness of the throat, owing to capillary 
engorgement of the acini in the latter and of the sudoriferous 
glands in the skin, and mechani(;al interference with their 
functions. 

When the dose is large, various symptoms due to hyper- 
semia and hypermctabolic activity in the organs influenced* are 
witnessed. Thus, a bright red flush, recalling that of scarla- 
tina, though more diffuse, may appear on the face and grad- 
ually involve the entire surface. Slight congestive headache, 
with giddiness, insomnia, mental confusion, garrulousness with 
illusions, delirium, which may become violent, visions, etc., are 
also observed, along with, in some cases, priapism, muscular 
restlessness and forcible micturition, due to more or less sud- 
den involuntary contraction of the bladder. The pulse-rate is 
also greatly increased, and the cardiac contractions (unless 
toxic doses be taken) strong, owing to similar overactivity of 
the cardiac muscle.* 

Cuahny®* states that the cause of the rise of temperature iuduced 
by atropine “cannot bo said to be definitely known.” The presence of 
an excess of adrenoxidase in the blood, coupled with the capillary 
engorge^ment, as previously explained, accounts not only tor this phe- 
nomenon, but also for the familiar symptoms outlined above. The con- 
currence of the pyrexia with cutaneous disorders is plainly shown in all 
cases attended with untoward effects. In a case brought on by the use 


• Author* 9 conclusion, 
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“CuBhny: Loc. cit, fourth edition, p. 288, 1906. 



1212 INTERNAL SECRETIONS IN PHARMACODYNAMICS. 

of atropine as a mydriatic, observed by Spurgin,^^ for instance, a diffuse 
rash resembling that of scarlet fever, observable also in the fauces, coin- 
cided ivith a temperature of 102.7° F. and a pulse-rate of 140. In 
another instance reported by the same observer, the cutaneous lesions 
were not quite as marked, the temperature was 101.3° F. and the pulse- 
rate 116. In both cases the morbid symptoms disappeared on discon- 
tinuing the use of the drug. 

The mydriatic action of atropine is due to a corresponding 
process when the drug is given internally.* Here, however, 
there are two sets of muscles: the constrictor libers, which 
cause contraction of the puj)il, and the dilator fibers, which act 
in the opposite way. As both muscles arc rendered overactive 
by the excess of arterial blood rich in adrenoxidase propelled 
into them by the arterioles, the delicate muscular equipoise 
which enables the pupil to carry on its functions is lost and it 
becomes a question as to which of the antagonistic imisclcs will 
overcome the other.* The radiating libers being best disposed 
mechanically (owing to direct traction),* they draw back the 
edges of tlie iris, enlarging the pupil. 

The local application of atropine produces the same effect, 
but in a different way.* It paralyzes directly the sympathetic 
terminals* of the arterioles, thus causing dilation of these ves- 
sels. An excess of blood being admitted to the muscular ele- 
ments of the iris,* the antagonistic action of the muscles is 
awakened* and the radiating fibers cause dilation of the pupil 
by drawing back the iridial curtain. 

Landois (1905) concliidoa"^ that “as to the action of poisons on 
the iris [including atropine] ignorance still prevails.” The greater 
contractile power of the radiating muscles when the functional equipoise 
between the two sets of muscles is disturbed is well shown by the obser- 
vations of Jlernstein and Dogiel, confirmed by Engel hardt,"’® that when 
electrodes were applied “to tlic eyes in such a way as to affect directly 
the iris, contraction occurred.”®® " Again, the dependence of the process 
upon some difference in the relative power of the antagonistic muscles 
is suggested by the fact that in birds and reptiles atropine does not 
cause dilation of the pupil (Wharton Jones, Tvanoff, Wood and others). 

The muscular antagonism and the participation of the sympa- 
thetic in the process are shown by the following lines by Cushny:®^ “A 
further question is whether this [paralysis] is the only effect of atropine 
on the pupil, or whether the terminations of the dilating sympathetic 
fibers are not stimulated at the same time, and this cannot as yet be 
said to be generally agreed upon, although there is very strong evidence 
against the latter view. Its advocates have generally ignored the fact 

* Author’s conclusion. 

^ Spurgin : Lancet, Sept. 30, 1905. 

^Landols: Loc. cit., p. 843, 1905. 
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that the constrictor muscle is constantly opj^scd by dilator fibers, and 
that when the former is thrown out of activity by the paralysis of the 
terminations of the motor oculi, the radiating fibers cause an active 
dilatation without any stimulation of the nerve ends being necessary.” 
The prevailing misinterpretation of the functions of thp sympathetic and 
the multiplicity of functions erroneously attributed to this nerve account 
for the vulnerability of the views Cushny criticizes. If, setting aside 
assumptions, we accept the only actually demonstrated function of sym- 
pathetic terminals, that of constricting arterioles, as a foundation for 
deductions, the ground lor criticism disappears, since the only solidly 
established fact concerning the local action of atropine, paralysis of 
nerve-endings, also comes into play, lly paralyzing the sympathetic con- 
strictors, therefore, the vessels are allowed to relax and to inlluence the 
muscular fibers dilTerentially — a process which necessarily brings in the 
antagonistic action of the muscular fibers of iris referred to by Cushny. 
The hyperieniia produced by the dilation of the arterioles not only 
accounts for the dilation of the pupil, but the fact that hyperonnia is 
likewise the mode of action when atropine is given internally, and that 
the phenomenon is explained by a process provoked by the drug in all 
other organs, indicates that the explanation 1 submit must be the cor- 
rect one. 

Untoward Effects and Poisoning. — When a large dose 
is taken, the syniptorns of a therapeutic dost?, dryness of the 
mouth and throat, thirst, and dysphagia, rapidly increase in 
intensity, the propulsion of blood by the arterioles into the 
capillaries assuming greater violence.* The cutaneous flush 
then becomes very marked; the congested brain and cord cause 
violent excitement, delirium, spasmodic choreiform movements 
of the face and extremities, and also convulsions, during which 
the patient may die. 

When large toxic doses arc taken, the sympathetic center 
is more violently irritated than the others, and hyperconstric- 
tion of the arterioles follows.* Those of the anterior pituitary 
and heart being contracted with the rest, inhibition of their 
functions occurs,* and collapse is brought on more or less sud- 
denly. Intense muscular weakness which soon lapses into 
paralysis, particularly of the lower extremities, a rapid, then 
slow, weak and irregular pulse and heart-beat, shallow and 
irregular respirations, stupor and coma then follow in quick 
succession, the patient dying of respiratory failure. 

Autopsies of cases in wiiich death occurs during the period of 
intense vascular engorgement show this condition very clearly in all 
tissues, including the brain and cord. “At the autopsy of a subject 
poisoned by belladonna,” writes Manquat,™ “no characteristic lesion is 
found; the changes witnessed are limited to a considerable hyperajmia 
of the cerebro-spinal meninges and of the cortex, congestion of the par- 

* Author’a eoncluaion. 

^ Manquat: Loc. cit., p. 760, 1903. 
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cnchymatous organs and of the mucous membranes, dryness of the 
throat, and a few ulcerations or sphacelous areas of the stomach.” 
Wood®" says the post-mortem lesions are “congestion of the lungs and 
of the membranes, and even of the substance of the brain and cord,” and 
refers to Lematre’s"" observation that “congestion of the retina is- an 
almost characteristic lesion.” 

The treatment of belladonna and atropine poisoning is 
described in a special section at the end of this vohinic. 

Therapeutics. — The many therapeutic virtues that have 
been credited to belladonna are sustained by the foregoing 
analysis. Not only does it provide the blood with an excess of 
adrenoxidase, and, therefore, of auto-antitoxin, but it stimu- 
lates also the centers which augment the circulatory activity of 
the blood where its antitoxic properties can be productive of 
the best results.* In short, belladonna, owing to its alkaloid, 
atropine, produces an artificial fever.* 

It is principally in disorders of the respiratory system that 
belladonna and its preparations are most efiicaciaus. The 
various disorders due to exposure to cold ami damp, are brought 
about by the sudden dej)rossion of catabolic activity* in the 
tissues, the trypsin, which plays the active role in the process, 
requiring tlie normal Uanperaturc of the l)ody to break down 
waste products adequately. Cold, by inhibiting this process, 
causes the accumulation of imperfectly catabolized wastes in the 
blood and its conse(|uen(*es — cortfzu, pliari/ngilis, tonsillitis, or 
bronchitis, the location of the disorder corresponding usually 
with one which previously has been the seat of catarrhal conges- 
tion. Here, belladonna by increasing the antitoxic activity of 
the blood in all capillaries and raising the temperature therein, 
not only antagonizes directly the morbid effects of cold, but 
causes prompt destruction of all toxic wastes.* 

In bronchial asthma, ncurnlgia, migraine and hay- fever, 
ascribed to the gouty ‘diathesis,” which means the presence of 
alloxuric bases or intermediate waste products in the blood, 
belladonna is beneficial through a similar process.* In asthma 
due to hypotension of the arteries,, it is also efficacious by in- 
creasing the blood’s asset in adrenoxidase and causing thereby a 
rise of blood-pressure and more perfect oxygenation, thus meet- 

• Author's conclusion. 

“ Wood: Loc. cit., thirteenth edition, p. 170, 1906. 
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ing the two morbid lactora of the disorder. Spasm, such as 
that of rheumatic torticollis, dysmenorrhoea, enuresis due to cys- 
tic irritability, etc., are also due to hypocahibolism in many 
instances, and atropine, by promoting the destruction of spas- 
mogenic wastes, causes muscular relaxation. 

The reported beneficial effects from the use of atropine in 
infectious erysipelas, scarlet fever, typhus, ctq., arc doubth'ss 
due to the fact that it increases the antitoxic properties of the 
blood. Its tendency to cause dryness of the mouth and skin, 
however, is a contraindication to its use. 

In asthenic disorders atropine is of great value. In shocJc, 
which is due mainly to paresis of the sympathetic center,* it is 
the best drug at our disposal; not only docs it act directly upon 
the paretic center,* but it raises the blood-pressure and restores 
the capillary circulation of the heart and skin to its normal 
vigor* — provided alcohol is avoided. This applies as well to 
collapse in the asthenic stage of any disease, including the acute 
infections, especially when the heart is showing evidences of 
weakening. It is also one of the most effective remedies at 
our disposal for the relief of night-sweats in phthisis or the 
colliquative sweats that attend the advaiujed stages of many dis- 
eases. This symptom is likewise due to general vasodilation 
and to relaxation of the sudoriferous mechanism. Atropine 
not only tends to correct this condition, but also to counteract 
any toxaemia that may be present.* 

DRUGS WHICH RESEMBLE BELLADONNA IN THEIR 
PHYSIOLOGICAL ACTIOS. 

The physiological action of homatropine hydrotyromide, 
hyoscyamus, kyoscyamine sulphate and stramonium is similar 
to that of belladonna, though their effects are less marked, their 
stimulating influence on the various centers mentioned being 
less violent. 


DIGITALIS. 

Physiological Action. — In therapeutic doses digitalis in- 
creases the nutrition .of the heart and its functional power. 


* Authored concluNion. 
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This is due to the concurrent influence of three effects pro- 
duced by the drug.* Two of these are direct and energetic 
stinmlation of the test-organ and through it the adrenal cen- 
ter, and also, but with less violence, the sympathetic centers, 
which enhances the propulsive action of the arterioles. As a 
result of the first action, the proportion of adrenoxidase in the 
blood is increased and general metabolism is enhanced through- 
out the body.* The muscular elements of the blood-vessels and 
of the cardiac muscle being influenced similarly,* their contrac- 
tile power is imu’cased, though the heart’s action is slowed by 
the augmented resistance which the rc^duced caliber of the ves- 
sels entails. 

“In our experiments u|)on the exposed mammalian heart,” writes 
If. C. Wood,'“ “we have seen in the liiial acts of digitalis drama happen- 
ings so curious and unexpected that at present no proposed theory as 
to the action of tlie drug is suflicient.” This is mainly due to the belief 
that the drug acts directly upon the heart as it does experimentally. 
That it does not, however, is shown hy the following facts: The weakest 
solution that will act on the isolated heart at all is that of 1 to 50,000. 
To produce any eO’ect in an adult man supplied with but 13 pounds of 
blood, therefore, at least 1 grain (0.00 gm.) of digitalin would have to 
be given orally, since grain, “the full therapeutic dose” (Wood), 
would only make a solution of 1 to 200,000. The hypodermic use of the 
drug shows a still greater discrepancy, since Deuchcr**^ found tnat a dose 
of digitalis thus given produced the effects of a dose four times larger 
administered orally. A solution of digitulin in the blood-mass of 1 to 
800,000 (equal to Vi6 gr. — 0.004 gm.) thus becomes active, though 
totally inadequate ex f)eri mentally, t.e., though sixteen times weaker 
than the weakest solution that will affect the isolated heart. And this 
allows nothing for the antitoxic action of the blood, wnich further 
reduces the strength of the drug, or for any dispersion in the lymph 
mass, which is twice greater than that of the blood. Nor does it 
allow for the fact that an isolated heart does not have to overcome the 
resistance of the blood-column which it must raise each time it contracts. 

This is further emphasized by the fjict that division of the adrenal 
and vasomotor nerve-paths from the pituitary annuls tiie effects of digi- 
talis. Thus, transection of the upper part of the spinal cord was found 
by Bezold and Boehm"® to cause a very marked fall of blood- pressure in 
an animal under the influence of digitalis, while Traube and Boehm and 
others'” found “that after section of the cord high up the arterial pres- 
sure is cither elevated not at all, or not nearly so much, by digitalis as 
in the normal animal.” VV-ood (Sr. and Jr.) regard this as “a strong 
indication that the drug increases the arterial pressure largely by 
increasing the peripheral resistance without centric vasomotor .stimula- 
tion.” This points also to adrenals as the source of the vasoconstrict- 
ing influence, for Langley'** found, in a .series of experimcnis with adrenal 


• Author's conclusion. 
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""Boehm: Archlv f. d. ges. Physiol., Bd. v, S. 163, 1872. 

Cited by Wood: Lor. Ht., thirteenth edition, p. 319, 1906. 
""Langley: Jour, of Physiol., vol. xxvll, p. 237, 1901. 
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extract, that its action ‘‘runs parallel with the action of the sympathetic 
nerves on the bipod-vessels,” and that “in many cases the effects pro- 
duced by the extract and by electrical stimulation of the sympathetic 
nerve correspond exactly.” Now, as the peripheral arterioles are gov- 
erned by the sympathetic, the adrenal secretion corresponds in its action 
with that of this nerve, because its action (as adrenoxidase ) on the 
arterioles is the first to manifest itself, owing to tlieir diminutive size. 
Now, digitalis, acting mainly through the adrenal eccretiony also in- 
creases the peripheral resistance — but not by a direct action of the drug 
as is generally believed. 

The effects of digitalis on metiibolism, in consequence of its action 
on the adrenal center, is well shown in the following lines by Manquat:"* 
“The exchanges are increased, and oxidations augmented, and urea is 
excreted in greater abundance. According to von iiroeck, the niodilica- 
tions of urea and carbon dioxide correspond with that of the blood-pres- 
sure: the elimination of urea and carlion dioxide increases as long as 
the pressure remains high; it diminishes when the blood- pressure 
recedes.” The effect of therapeutic doses un(h»r these conditions sug- 
gests itself. “There occurs,” says Ciishny,*'^ “an improved nutrition of 
the whole body,” while after the use of digitalis and its allies in dila- 
tion of the heart, this organ “is found better nourished and has more 
of a tendency to liypertrophy.” This applies also to the marked rise of 
blood-pressure. Thus, \Vood““ states that after a full dose of suprarenal 
capsules, “there is developed a slow, full pulse, followed very shortly by 
a great rise of the blood-pressure,” — precisely the action of digitalis. 

The nutrition of the heart-niuscle, along with that of all 
other structures, is aided materially by tlie slight (only when 
the average therapeutic dose is given) stimulating action which 
the drug has upon the sympathetic center, and therefore upon 
the blood-propelling activity of the arterioles.* lienee,* the 
fact that besides the rise of blood-pressure and the greater 
power of tlic contractions referred to above, the pulse-waves 
become larger, fuller and harder. 

The action of the drug on the sympathetic center is illustrated by 
the concordance between the elfects of direct stimulation of the pituitary 
bod}’’ and those of digitaliii on the blood-pressure. The only two centers 
in the pituitary which, on excitation, can produce such an effect are the 
adrenal center and the sympathetic center. That it is the latter is 
shown by the fact that the pressure begins to recede at om.*e ( reaching, 
in fact, below the normal within one minute) when the stimulation 
ceases — which would not occur if the adrenals were also stimulated, 
since the excess of secretion would not only cause a rise of yiressure, but 
sustain it for a time. The similarity of the effects referred to are 
shown by the following comparative tables prepared by independent 
experimenters: Arnold and TI. C. Wood, Jr.,®® and Masay;^® — 


* Authtjr's conclusion. 
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“Arnold and H. C. Wood, Jr.: Amer. Jour. Med. Scl., Aug., 1900. 
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Digitalin. 

(Arnold and U» 6\ Woody Jr,) 
Dog! 9.5 kilograjiis. prrssub£. 

Prior to injection 80 mm. Ilg. 

1 Jiour 10 min. after 

0.02 gm 104 “ “ 

30 min. after iiijec. of 

0.04 gin 122 “ “ 

After division of both vagi: — 

Dog: 8 kilograms. 

Prior to injection 107 min. Hg. 

50 mill, after 0.04 gm.200 “ “ 

1 liours 40 min. after. 140 “ “ 

4 liours 20 mill, after. 240 “ “ 


PiTuiTABY, Excitation op. 
(Masay.) 

Dog: 2.6 kilograms. pbjsssure. 
Prior to excitation.. . . 81 mm. Hg. 

First excitation 144 “ “ 

iSecond excitation .... 200 “ “ 


After division of both vagi: — 

Dog: 5 kilograms. 

Prior to excitation .... 162 mm. ITg. 

First excitation 280 “ ‘‘ 

After 15 seconds 270 “ ‘‘ 

Second excitation . . . .252 “ “ 


On tlic digitalin side tlie jircssiire is sustained, of course, because 
the stimulation of the adrenal and sym|)ath(!tic centers persists until the 
blood rids itself of the poison. This accounts for a feature of the 
problem whic'h so far has escaped notice, ris'., that the effects of digitalis 
arc practically iilentieal with those of suprarenal extract. \V^ood”' 
describes (under separate headings) these elVecis in the following 
words: — 


Digitalis. 

“During the first stage there is 
marked slowing of the heart’s beat, 
with large, full, hard pulse-waves 
and pronouncell rise in the arterial 
pressure.” 


Suprarenal Extract. 

“When to an animal the full 
dose of suprarenal capsules is 
given there is developed a slow, 
full pulse, followed very shortly by 
a great rise of the blood-pressure.” 


The third e/lVoi of digitalis is also due to its stimulating 
action on the adnniiil center.* The adrenal secretion being 
eonsiderahly increased, it enhances tlie contractile power of the 
right ventricle while in transit through it on its way to the 
hings.* Hence the dicrotisni and other • phenoincnu which 
])oint to loss of parallelism between the action of the ventricles 
when large doses arc administered.* 

As to the third factor, i,e,, the direct action of tlie adrenal secre- 
tion on the right ventricle, we have seen,^“ that Hrown-Sequard, over 
fifty y(*ars ago, emphasized the irnportnnee of the venous blood in car- 
diac dynamism, and that liis belief that COj was the active agent in the 
process caused his observations — all solidly established experimental 
facts — to be set aside. T pointed out, however, in the first volume that 
the elTects observed were due to the presence of the adrenal secretion 
in the blood of the inferior vena cava, Oliver and Schiifer having shown 
that adrenal extract could cause marked contractions of tlie cardiac 
muscle. Digitalis being a powerful adrenal stimulant, it sliould nor- 
mally increase the contractile power, not of the left ventricle, with 
which it does not come into contact, but only of the right — an important 
point in practice. Now, Oermain See"® has laid stre.ss on the fact that 
digitalis acts mainly on the right ventricle. Openehowski,’^ who had 


• Author's cowlmion. 
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also found, in 1889, that the action of digitalis was greatest on the right 
side of the heart, recently noted diminution of the activity of the left 
ventricle — a true functional dissociation. Cushny likewise'® states that 
digitalis, strophanthin and hcllcborein all ^'increase the output of the 
right ventricle.” 

The kidneys being subjected to all the conditions whicli 
digitalis awakens in other organs, tlieir functional activity is 
enhanced by doses sufficiently large to increase the propelling 
power of the arterioles and the intrinsic inctabolisni of their 
functional elements.* Hence the diuresis produced by dig- 
italis.* Conversely, when the dose is excessive, the renal 
arterioles become so constricted that functional inhibition, i.e., 
anuria^ occurs. 

The first action is self-explanatory in view of the evidence adduced 
above. As to the constrictor effects, Lauder Briinton"® writes: “Digi- 
talis contracts the arterioles of the kidney sooner than those in other 
parts of the body. The renal vessels may contract so niueh as to arrest 
ll\e secretion of urine altogether, although the general blood-pressure is 
high.” 

Untoward Effects ajid Poisoning. — Digitalis, especially 
when administered during a prolonged period and in small 
doses, may cause a variety of untoward phenomena. In some 
cases, these are mainly due to what has been termed ^^cumula- 
tive action'' — which, from my viewpoint, means hypersensitive- 
ncss of the sympathetic center, a condition due to the per- 
sistent excitation to whicli the drug submits it. At first the 
sympathetic center is overstimulated and undue j)ropulsive 
activity of the arterioles* causes headache, hallucinations and 
delirium, dryness of the throat through crowding of .the lurnina 
of the acini, dilation of the pupil, abtlominal cramps, diges- 
tive disorders, pains in the limbs recalling those of rheumatism. 
These symptoms may be accompanied by disturbance of the 
cardiac rhythm, dicrotism, etc., due to excessive stimulation of 
the right ventricle.* After^a time, however, the sensitiveness 
of the sympathetic center being greater than that of its fellow,* 
its own phenomena take the lead:* hypcrconstriction of the 
arterioles is produced, find signs of collapse may appear, includ- 
ing weakness and irregularity of the cardiac action, due to 
impending arrest of cardiac functions, the case culminating 
perhaps as one of acute poisoning. 

• Author's conclusion. 

™ Cushny: Loc. cit., fourth edition, p. 448, 1906. 

™ Lauder Brunton: Trans, of the 13th Inter. Med. Congr., Sect, on Therap., 
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In acute poisoning, the patient passes through the stage of 
hyperaemia — which may include violent headache, flushing, 
muscular pains, vomiting, delirium, etc. — more or less rapidly, 
then into the stage of depression, just referred to. The heart 
action becomes irregular, and on exertion, such as sitting up or 
rising, extremely weak; the ventricles and auricles may no 
longer beat synchronously; the two ventricles likewise, or por- 
tions of the myocardium, may dilate, while others still contract. 
Hence the irregular action, the occasionally observed blowing 
systolic murmur, the dicrotic, rapid, Aveak, irregular and broken 
pulse. The vascular pressure suddenly drops, concomitantly 
with general relaxation of the entire muscular system, as shown 
by the intense muscular prostration, the anuria — due, in part, 
to inaction of the bladder — the lowered reflex activity (Fran- 
gois-Franck"^) and the widely dilated pupil. Paroxysms of 
suffocation occur, the adrenal secretion and its carrier, the ven- 
ous blood of the inferior vena cava, being no longer propelled 
to the pulmonary alveoli by the cardiac muscle.* Hence* the 
steady fall of temperature, the cold extremities, the growing 
pallor and the stupor. 

A symptom of another order may appear in this connection 
towards the end of this stage: the gradual diminution of the 
blood^s antitoxic attributes preventing the adequate conversion 
of toxic wastes into benign and eliminablc products,* convul- 
sions appear. A recurrence of very elevated blood-pressure 
then occurs, followed by a very rapid fall and death. 

Tliat tho jirtoriolrs play the cardinal rOle in those morbid phe- 
nomena has been observed by various investigators. Wood^* refers to 
the experiments of Fothergill,’^" Gourvat and Ackermann,*® who found 
microscopically that “the arterioles of the frog’s web or of the mesen- 
tery of the rabbit undergo very marked contraction, even to the oblitera- 
tion of their lumen, after the exhibition of digitalis.’’ VV'eil"* also noted 
that the reflex activity of the spinal cord practically disappeared when 
large doses were given. The drug caused such intense vasoconstriction 
that the central and peripheral circulations were impeded, and the nerv- 
ous elements, deprived of blood, lost their irritability. Porter,^* after 
an exhaustive physiological study of the cumulative action of digitalis, 
found that it was the result of excessive contraction of the heart’s arter- 

• Author’s conclusion. 
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ioles and of the consequent arrest of the nutrition of the myocardium. 
Suggestive in this conueetion is the fact that transection of the upper 
part of the cord by Truube, Bezold and Boehm (a procedure which, we 
have seen, arrests the effects of digitalis) at once restored normal con- 
ditions in poisoned animals — obviously by causing relaxation of the 
arteries. This result could not have occurred if the vasoconstriction 
liad, as is now believed, been due, even in part, to a direct action of the 
drug upon the vascular walls. 

A fatal issue occurs rarely, according to Potain,” death from digi- 
talis being most frequently met with in subjects suffering from Bright's 
disease, a rheumatic diathesis, anoiinia or delirium tremens. Hence the 
need of special watchfulness in such cases. The prevailing opinion at 
present is that the dangers of digitalis have been greatly exaggerated. 
Henry Beates, Jr.,®^ who uses digits line (Merck’s Germanic) in rela- 
tively large doses, and obtains excellent results, is of this opinion. 

The treatment of digitalis poisoning is described in a spe- 
cial section at the end of this volume. 

Therapeutics. — The foregoing interpretation of the physi- 
ological action of digitalis accounts fully for its beneficial 
action in certain cardiac disorders. Thus, in uncomplicated 
dilation, in which the heart-muscle fails to contract ade- 
quately, a condition usually occurring as a result of general 
adynamia, digitalis, or better digitalin, hot only cnlianccs 
markedly the nutrition of the body at large, but that of the 
heart in particular, increasing greatly its dynamic power. In 
dilation due to a valvular lesion, mitral in most cases, and due 
to the increased resistance of the blood-column, digitalin is of 
great value to aid tlic heart in overcoming the obstruction. 
Even when the valves of loth sides arc diseased the drug is of 
value; here the passive resistance to tlie admission of blood to 
the right heart causes hyperiemia and venous stasis, and tlic 
excess of adrenal secretion causing a rise of blood-pnjssure, more 
blood is project(?d towards the heart, and slows cardiac action, 
thus giving the organ more time to dilate and to admit more 
blood. 

Conversely, the use of any preparation of digitalis is 
obviously inudmissihle when the heart has reached the stage 
of full compensation, i,e., hypertrophy; when a cardiac disor- 
der is due to, or accompanies, arteriosclerosis, in cases of aortic 
regurgitation, since the drug would in the latter case, by slow- 
ing the cardiac action, lengthen the diastole and afford more 
time for regurgitation. Moreover, by causing general vasocon- 

""Potain: Jour, de ni^d. Pt de chfr., vol. Ixxi, p. 248, 1900. 

Henry Beates, Jr.: Monthly Cyclo. of Pract. Med., Jan., 1905. 
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striction, it would increase the resistance to the blood-current 
and help to detain the blood in the ventricle. 

In syncope and collapse of asthenic origin, digitalin is of 
very great value, since it influences very soon, when adminis- 
tered hypodermically, the centers and organs which underlie 
the whole vital fabric. In neuraslheniay its action on general 
nutrition, besides that on the licart,, renders it invaluable in 
some cases. In acute adynamic diseases, especially pneumonia, 
it aids’powerfully to sustain the heart. It is not indicated dur- 
ing the stage of early pulmonary engorgement, however, since 
it augments the vascular tension. When the heart is yielding 
to the resistance of the blood-column, it is far better to relieve 
the pressure itself by means of the bromides or veratrum viridc. 

STROPTTANTTIUS. 

Physiological Action. — Like digitalis, stroplianthus in- 
creases the power of the cardiac contractions and reduces tlunr 
frequency. The pulse-waves become larger and fuller and the 
blood-pressure is raised when sufliciently large doses arc admin- 
istered. This action is less marked, but it occurs sooner than 
under the inflinmcc of digitalis, and does not last as long. 

Stroplianthus likewise owes its action to the fact that it 
stimulates actively the test-organ, and through it the adrenal 
center.* A greater (luaiitity of adrenal secretion being pro- 
duced, the contractile power of the right ventricle is enhanced.* 
1'he increased volume of the adrenal secretion insuring a corre- 
^sponding augmentation of adrenoxidase in the blood, the meta- 
bolic a(ftivity of all organs is raised.* As this includes the 
heart-muscle, the latter is also better nourished and its con- 
tractile ])ower is thus increased from another direction.* 

This apjdies as well to the arteries. Their walls being 
supplied with blood richer than usual in adrenoxidase, their 
tonic activity is raised, and when the dose of the drug is suffi- 
ciently large they contract.* As is the case under the influence 
of digitalis, the arterioles arc the first vessels (owing to their 
diminutive lumen) to show evidences of constriction.* An 
important difference between strophanthus and digitalis asserts 
itself in this connection, however, viz., strophanthus docs not 


* Aulhor’M conclunion. 
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excite the sympathetic center even when administered in large 
doses.* Hence the fact that, although almost as active as an 
adrenal stimulant as digitalis,* strophanthus does not intluence 
the arterioles as energetically as does the former. 

Cuahny*® atates tluit “in the pulmonary cireiilaiion, the presaure 
is not raised by some of the [digitaliaj series, aiich as atrophanthin and 
hclleborein, while after digitalis a very distinct rise in tiie ])ressurc in 
the pulmonary artery is sometimes seen. Yet,” he adds, “«//. of them 
increase the output of the right ventricle.” He characterizes th(*se 
phenomena a “paradox,” but tlieir cause is self-evident when we take 
into account the ftict tliat it is this ventricle alone which receives the 
surplus of contractile impetus alFordcd by the adrenal secretion. 

The fact that strophanthus does not excite the sympathetic center 
as docs digitalis, is shown plainly by its relatively feeble action on the 
arterioles. Fraser"" estimated that it was lifty times less active in this 
particular than digitalis. Balfour'^' atates that, although its action is 
very much more marked on the heart than digitalis, it acts “one hnn- 
dre<l times leas powerfully than digitalis on the iniisclea of the arter- 
ioles.” Piaani"® also found clinically that strophanthus acteil but 
slightly upon the vasomotor system, though he observed increas«'d 
arterial pressure and reduction in the pulse-rate from 5 to 20 beats per 
minute. Fraser, Delsaux and Veo"" observed but little clninge in the 
caliber of the blood-vessels. The arterial contraction does not even 
become very marked under the inniience of large doses. Popper, and 
Gottlieb and ^Iagnus‘"’ found that division of the cervical cord or of the 
splanchnic does not ])revent the rise of pressure, but these procedures, 
by causing relaxation of the arteries in the adrenals, increase the func- 
tional activity of the latter and cause a rise of ])ressure even apart from 
the drug. Giinther,"^ after studying the action of the drug H])on various 
kinds of animals, great and small, reached the conclusion that although 
strophanthus was a vasoconstrictor, this action “was not marked in 
overdosag«?.” 

Stropliantlius also ])Tovokt*s iliiirosis, hut loss activoly than 
digitalis, owing to ilio fact that the ahsciicc of all inlhieiice on 
the sym|mthctic center deprives it of any action on the pro- 
pelling power of the arterioles.* The kidnevs are mendy stim- 
ulated, therefore, because they arc rendered hvpera'iuic with 
blood imiisually stimulating in characlcr, owing to the excess 
of adrenoxidasc it contains.* 

The presence of hypenemia is made evident by the fact that 
Drasche*® and other observers found the secreting structures congested 
and hajmorrhagic in experimental animals after moderate <loses of 
strophanthus. 
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Untoward Effects and Poisoning. — Large doscs^ or small 
doses given during a prolonged . period, may produce nausea, 
vomiting, diarrluea and marked diuresis, the heart's action 
and pulse being greatly slowed and strengthened. Muscular 
twitchings and abnormal reflex irritability may also occur. 
The heart muscle being likewise rendered overactive, and there- 
fore oversensitive, it is prone, like the other muscles, to exces- 
sive activity, t.e., contraction, and its diastoles become increas- 
ingly smaller; it finally fails to dilate at all, being found con- 
tracted after death. A general arrest of the vital function? 
follows at once: the temperature and the blood-pressure fall 
rapidly, muscular weakness lapses into paralysis, and death fol- 
lows. 

Kiirbringer®* * and Iloclilinus, out of 120 cases in which they used 
the^ drug, also observed three cases of sudden and unexpected death in 
wliich the drug had been used “in large doses and throughout a rather 
long time.” As in every instnnec no i)Ost‘inorteni lesions capable of 
accounting for the untoward result were found, the authors ascribe them 
to the drug. Mayeur,*** Leniohie'® and others have not(Kl cumulative 
effects resulting in death in some instances after giving small doses of 
strophanthus during a prolonged period. If we were dealing with 
cardiac paralysis incident upon excessive vasoconstriction, ns in digitalis 
poisoning, the heart would be found dilated, f.c., in diastole; but such 
18 not the case. Fraser, Paul Bert, (Hey®® and others have . found experi- 
mentally that strophanthin arrested the heart in systole. Other investi- 
gators have noted that it could arrest the heart in diastole, but this was 
obtained by applying the drug directly to the isolated heart— a procedure 
which, as we have seen, does nob iK)rtr.iy the behavior of drugs in the 
system. The sudden arrest of function this entails is exemplified by 
Wood's*" reference to the experiments of Cley,"® that “after poisonous 
doses the pressure immediately or sewndarily falls gradually to zero.” 

Tlie Ircatmcnt of slroplianlhus inylHoninfj is described in a 
special section at the end of tliis volume. 

Therapeutics. — Stroplianthus is indicated in the same con- 
ditions as digitalis. Unfortunately, it cannot be used hypo- 
dermically, owing to its marked irritating action on the tissues. 
Its oral use is of advantage to replace digitalis for a time, 
though less effective and more ephemeral in its action. As it 
does not affect the sympathetic center,* it will usually be borne 
without trouble by patients who cannot use digitalis. 


• Author's conclusion. 
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DRUGS WHICH RESEMBLE STROPHANTHUS IN THEIR 
• PHYSIOLOGICAL ACTION. 

The physiological action of apocynurn and convallaria is 
similar to that of stroplianthus, the rise of blood-pressure 
provoked being also due to the increased metabolic activity 
in the vascular and cardiac muscles.* Sparteine stimulates the 
same centers as digitalis, but with less vigor as to the adrenal 
center.* The action on the sympathetic constrictors becomes 
paramount sooner, with the resulting hyperconstriction of the 
cardiac arterioles and depression.* 

STRYCIINrNE. 

Physiological Action. — A prominent feature of the action 
of strychnine is that it stiTiiulates the test-organ, and, there- 
fore, the adrenal center.* By thus increasing the volume of 
adrenoxidase in the blood, it enhances oxygenation, and thereby 
the activity of the metabolic processes of the entire organism.* 

Wood and Oerna*® obtained experimentally concordant results in 
dogs, showing that *‘iho injection of strychnine produces an extraordi- 
nary increase in the rcsjiiratory air- movement, tlie increase varying from 
75 to 300 per cent.** Identical effects were obtained in morphinized and 
chloralized animals. This is sustained by Reichert’s'®" observations that 
the increase in heat production caused by the drug w^as a constant fac- 
tor, favorable to an increase of temperature. Kionka'®' found that the 
drug caused a marked elevation of temperature, and Mosso”® observed 
that this occurred even in a curarized dog. All this is con finned by 
the fact ascertained by Obermcier,'"* that the production of carbon 
dioxide was greatly increased. It is evident, therefore, that strychnine 
powerfully enhances oxygenation. 

The central origin of these phenomena was demonstrated experi- 
mentally by Strieker and Rokitansky.'”' Both these investigators con- 
cluded that strychnine was a stimulant of the respiratory centers. The 
identity of this center is suggestive by the fact shown by Schiff in 1859, 
Claude Bernard and others, that strychnine gives rise to glycosuria. 
Langcndorff'“ having found lactic ( sarcolactic ) acid in the urine, it was 
believed that glycosuria was due to excessive catabolism due to the con- 
vulsions provoked by the drug, but Dcmant’®* showed that small doses, 
totally incapable of causing spasm, also caused glycosuria. Langendorff 
reached the same conclusion after experiments in frogs. Now, we have 
seen, that as observed by I^oeb, Lorand, Caselli, Launois and Roy and 
others, lesions which stimulated the pituitary body gave rise to the 
symptom, and that it was produced by increasing the activity of the 
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oxidation processes, i.e., the production of adrenoxidase, through cxciia- 
lion of the adrenals. Indeed, we have seen that Blum, Ilerter, and 
others caused glycosuria by injections of adrenal extract, and that Ber- 
nard prevented toxic glycosuria by dividing tlie splanchnic nerves, which 
contain the secretory nerves of the adrenals. It is by stimulating the 
adrenal center, therefore, that strychnine increases general oxidation. 

Strychnine also stimulates directly the bulbar vasomotor 
center and thus raises the blood-pressure throughout the entire 
body. 

That strychnine stimulates tlie vasomotor center is recognized by 
all experimenters. Kefcrring to the experiments of Uichtcr,*^'^ S. Mayer*'’** 
and Vulpian, Manquat"*** states that it causes ‘'a considerable elevation 
of the arterial pressure, whicli may attain the double of the normal 
level.” Reichert'"* was also led to conclude by a large number of experi- 
ments, that the drug raised the blood- pressure by an action on the vaso- 
motor center, but he found also, as had Vulpian, Mayer and Klapp,*^** 
that after division of the upper portion of the spinal cord (the path 
also of the adrenal secretory nerves), stryclinine could no longer raise 
the arterial pressure. 

Small thera])eutic doses of strychnine, by thus increasing 
the oxygenizing property of the blood and simultaneously the 
vascular tone, enhance general metabolism and nutrition in all 
organs.* When the therapeutic doses are large, however, 
undue engorgement of the capillary system occurs,* and is 
manifested mainly by slight stiffness of the muscles, restless- 
ness, formication and other cutaneous sensations, the other 
senses becoming also more acute. 

l^arge thera|)eutic doses evoke the typical cff(‘cis of the 
drug, i.e., twitchings and “starlings,^’ provoked by slight excita- 
tiojis of the surface, beginning usually with the muscles of 
the jaw, throat, neck and chest and extending to other mus- 
cles. This culminates into tetanic convulsions when toxic 
doses arc taken; but in the genesis of these convulsions a new 
factor asserts itself, i.e., a marked e.xaltation of rellex activity 
due to the highly oxygenized condition of the blood* and the 
raised vascular tension. The morbid process involved in man 
is as follows: — 

The general vasoconstriction causetl by strychnine begins 
in the great central vascular trunks and affects only vessels 
supplied with a muscular coat,* excepting the arterioles (gov- 
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crned by the unaffected sympathetic center), which yield to 
the centrifugal pressure of the blood-sireaiii.* Tlic capillaries 
not being supplied with such a coat, the passively dilated 
arterioles thus become engorged with the blood forced into 
them by these deeper vessels and are dilated.* This general 
capillary congestion (with highly-oxygenized blood) increases, 
as stated, the functional activity of all organs;* but prominent 
among these are (1) the cutaneous sensory end-organs whose 
sensibility to exterruil excitation is exalted; (2) the spinal cord, 
whose sensibility to afferent inipulses is also enhanced; (3) the 
skeletal muscles, wliich are rendered overcxcitable to impulses 
received from the spinal cord.* 

Hence, the convulsion produced by strychnine is a reflex 
phenomenon due to the interaction of three sets of organs, and 
is produced in the following manner: the morbidly sensitive 
(hyperoxygenized) sensory end-organs of the skin send un- 
usually violent afferent impulses to the (hyperoxygenized) over- 
excitable spinal cord, and this organ in turn sends exception- 
ally energetic stimuli to the overcxcitable (hyperoxygenized) 
muscles.* 

Alluding to tlio action of stryclinino on the vasomotor system and 
the manner in which the vessels are inlhicnced,’ Cushny"“ stales that 
“the constriction seems to aUect mainly the internal vessels, while those, 
of the skin and perhaps of the muscles are dilated, and the blood-(‘iiiTent 
is, therefore, dellected largely from the internal organs to the skin and 
limbs.” Ihistre and Morat and Wertheimer' found that strychnine pro- 
duced such ail energetic dilation of the peripheral vessels in doses of 
0.002 to 0.004 gins. (‘/\,2 to Vio grain) that it caused a marked blush 
of the mucous membranes of the lips, gums and tongue. Dclezenne"^ 
also noted tliat strychnine was a iiowerful dilator of the peripheral ves- 
sels — a fact accounted for by the absence of a niiisciilar layer in capil- 
laries; for, ns Manquat"®^ says, it is the vessels supplied with a “con- 
tractile tunic” which arc constricted by the drug, since these are the 
only ones which are supplied with vasomotor nerves.' Indeed Wert- 
heimer observed that the peripheral dilation was most manifest after 
the blood-pressure had attained its maximum and disappeared together 
with the fall of pressure. The gravitation of blood towards the peri- 
phery is also emphasized by the clinical facts mentioned by Manquat, 
that “strychnine causes a painful exaltation of the sensibility of the 
organs of special sense, especially those of sight and hearing,” and that 
“in medium doses (0.005 to 0.01 gm. — Via to 1'/^ grains) tiictilc sensi- 
bility is augmented.” 


* Aulhof’s conclusion. 
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The rOle of the cutaneous sensory organs in the genesis of convul- 
sions is illustrated by the experiment of Poulsson,“* who found that 
when a frog was poisoned with strychnine the convulsions did not occur 
after the animal had been dipped in a solution of cocaine. Obviously, 
as stated by Cushny in reference to this experiment, the cocaine used 
“was Buflicient to paralyze the sensory terminations.’* Moreover, we 
know that a draught of air, the slightest touch or a loud noise is suffi- 
cient to provoke a convulsion in strychnine poisoning. 

That the spinal cord is the source of the spasmogenic impulses is 
well known. But is its overactivity due, as generally btdieved, to direct 
irritation by the strychnine, or to local hypersemia with overoxygenized 
blood? Various irritants applied to the bulbar cord, t.e., physical irri- 
tants (Magondic), can provoke convulsions. As shown by Van Deen,“^ 
Valentin and Spence,^'* strychnine will diffuse itself in the blood of the 
brain and cord when placed on these organs, and provoke convulsions 
from muscle to muscle as it advances in the cord. Yet this does not 
prove that a dose, when ingested or injected, quite able to provoke con- 
vulsions, will act in the same way; it only shows that strychnine is, 
as elsewhere, a local irritant. Cushn}^’’® in fact, adduces evidence which 
led him to conclude that tetanus “can be produced in parts whose motor 
cells are un poisoned.” Again, Brown-Set|uard and Martin-Magron and 
Buisson divided the cord below the fore-legs, and isolated the lower or 
detached segment of the cord from the circulation by dividing its blood- 
vessels. On injecting strychnine convulsions occurred only in the por- 
tion of the body connected with the upper, i.e., normal, segment of the 
cord. Nor does this prove that it w'as because the vessels could no 
longer carry strychnine to the spinal cells of the lower segment that 
convulsions did not occur in the lowu^r portion of the body, since destruc- 
tion of the vessels prevented the liypeneinia of the source of the spas- 
mogenic impulses, tlic corresponding area of the cord. Such a condition 
eviclently exists in strychnine poisoning, for Wood refers to “indications 
of spinal hyperjEinia’\ observed at times post-mo?'t€m, while Cushny’^ 
states that the local cellular changes seem “to indicate hyperactivity of 
the cell, which need not necessarily be due to direct action of the poison 
on it.” 

The role of the adrenoxidase in the cord is exemplified in experi- 
mental results recently recorded by Biirdon-Sanderson and Buchanan.'-^ 
These investigators (in refutation of views advanced by Baglioni) 
show'cd that “when the cord of a strychnized preparation is alternately 
cooled and w'armed by a stream of cold or warm water, the rest of the 
body being protected ns far as possible from the inffiiences of the changes 
of temperature, the frequency of the responses varies according to the 
temperature to which the cord is exposed.” As w'e have seen,’” the rOle 
of the adrenoxidase in the organism is to combine with the niieleo-pro- 
teid in order to liberate heat energy and thus enhance mot.-ibolism. Tho 
presence of an excess of adrenoxidase in the blood of the cord by raising 
metabolism in the cell-elements docs, therefore, what immersion in warm 
water produced in Bnrdon-Sanderson and Buchanan’s experiments, t.e., 
it increases its activity as the source of the stimuli transmitted to the 
muscles. That such an excess of adrenoxidase, and therefore a large 
reserve of oxygen, obtains is also shown by the fact that Mcltzer and 
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Salant^ kept an animal poisoned with strychnine alive thirty minutes, 
and free from cyanosis, dyspnoea or asphyxia, by insufflating pure hydro- 
gen. This gas delayed death by interfering with the intake of oxygen 
and reducing the excess of vascular tension, the animal living all the 
while on the large volume of oxygen in his blood. Moreover, Kvciihof'-* 
observed that an injection of strychnine enabled the patient to bear 
greater quantities of chloroform — ^another fact which the presence of a 
grcat(*.r quantity' of oxygen in the blood explains. 

Vulpian^*® long ago concluded that “all spasmodic phenomena 
caused by strychnine are reflex in nature.” Claude Bernard'^® cut all 
the posterior roots of the spinal nerves, in tlie frog. Having injected 
strychnine, convulsions occurred onlj when the segments of the nerves 
connected with the cord w^ere stimulated. Obviously the cord required 
this exogenous excitation to produce spasm. According to Wood,*'”®^ this 
experiment “demonstrates that the reflex motor ganglionic cells are in- 
capable of originating an impulse, and in strychnine-poisoning are simply 
in such a condition of overcxcitahility as renders them exceedingly sensi- 
tive to slight irritations and causes them to respond most energetically 
to the feeblest stimulus, the convulsions always being tlierefore a reflex 
phenomenon.” Cushny^-® also (nmcludes that convulsions “follow only 
on the passage of an impulse from without to the spinal cord.” Finally, 
that the convulsions are due to impulst^s from the cord to the muscles 
is shown by a simple experiment of Vulpian’s, t.c., division of the nerves 
to any one extremity. This procedure prevents strychnic spasm in that 
extremity, though all other muscles take part in the convulsion. 

Poisoning. — A poisonous dose of strychnine evokes with 
more or less rapidity the symptoms caused by a large thera- 
peutic dose : stiffness of the face, neck and cliest ; involuntary 
twitches; heightened reflex irritability; hypersensitivencss of 
the special senses, etc. More or less suddenly — sometimes 
within a quarter of an hour after taking the dose — the convul- 
sions begin, the patient falling with the legs rigidly extended, 
the body being so bent backward as to rest upon the head and 
heels (opisthotonos). The facial muscles are strongly con- 
tracted, the corners of the mouth being drawn out — the so- 
called risus sardonicus. All the morbid processes described are 
chearly discernible in this sequence of phenomena. The par- 
oxysm finally lapses into tremor and intermittent muscular con- 
tractions, then ceases, leaving the s\ibject in a state of intense 
exhaustion and calm. The slightest external excitation, a cur- 
rent of air even, suffices to bring on another paroxysm similar 
to the first, and this may be followed by a third. 
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In man, a favorable termination is probable when the con- 
vulsions gradually become less intense and shorter, while the 
intervals become longer. Conversely, in unfavorable cases, the 
paroxysms become more intense until the vasoconstriction is 
such as to interrupt the circulation, as shown by the cyanosis 
of the lips and face. Tliis interruption of the circulation is the 
main lethal factor, for it not only interferes with functions of 
the adrenals, but so reduces the ms a tergo motion of the blood- 
current that the venous blood laden with adrenal secretion is 
not driven past the pulmonary alveoli with sufficient speed to 
form the minimum quantity of adrenoxidase reejuired by the 
vital process at large.* The normal issue under such condi- 
tions is death from asphyxia — that observed in strychnine 
poisoning. 

Tlie steady increase of the vascular tension which ultimately leads 
to the fatal issue is well shown by the observations of Santesson,*" that 
the action of strychnine on the terminal ramifications of the nerves in 
the frog increases slowly and progressively with the dose until a maxi- 
mum is reached. Finally there comes a time when their action is para- 
lyzed. Vulpian and PoulsHon^*" also observed this paralyzing action of 
strychnine on motor nerves. This is r(?adily explained, however, by the 
intense vasoconstriction caused by the drug, for inasmuch as motor 
nerves incite functional activity merely, as w(5 have seen,’®^ by acting as 
stricto-dilators, i.r., by admitting a greater volume of blood in an organ, 
complete obstruction of the channels containing that blood must render 
the motor nerves useless, i.e., paralyze their action.* Indeed, after 
injecting a large toxic dose into the jugular of a dog, “the motor 
nerves,” as stated by Wood, were found “to have entirely lost their power 
of responding to galvanic or other stimulation.” Further proof that 
this is merely due to excessive contraction of the arteries is alTordcd by 
the fact that it may be, as shown by Vulpian, only temporary, the motor 
nerves regaining the functional efficiency even before the effects of the 
drug have passed off. 

The inhibition of the adrenal functions is a normal consequence of 
the excessive constriction. 'Phe pituitary body and the heart, receiving 
finally a volume of blood quite inadequate to sustain their functions, can 
no longer continue its functions. 

Therapeutics. — The foregoing study of the action of 
strychnine justifies the great confidence it has earned. In 
functional atony, the increase of adrenoxidase and the simnl- 
tanooiis stimulation of the vasomotor center provide not only 
the vital principle, but also the mechanism to increase the sup- 
ply of this substance to the enfeebled organs.* In the vari- 
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ous forms of paralysis^ neurasihenia, etc., an important feature 
of its action imposes itself, viz., the increased circulation of 
adrenoxidasc-laden plasma in the nervous elements themselves, 
axis-cylinders, the network of the cell-bodies, the dendrites,* 
etc., in addition to that supplied to the nerves through their 
nutrient arteries. In cardiac disorders^ attended with local 
debility and vascular relaxation, strychnine, by stimulating the 
adrenal center, increasing metabolic activity in the muscular 
layer of the vessels and in the heart-muscle proper,* alfords 
precisely the conditions required to counteract tin; asthenic 
process. In alcoholism, strychnine, by enhancing the produc- 
tion of adrenoxidase, antagonizes precisely its evil elfects,* 
since, as will be shown, it is by robbing the blood of its oxygen 
that alcohol produces its main toxic ac'tion.* In amblyopia 
due to alcoholism, the marked beneht strychnine affords is due 
to a similar action. In shod-, a condition mainly due to paretic 
vasodilation, it strikes directly the depressed center,* increases 
oxygenation of the vascular walls* and restores the vascular 
tone to its normal state. Finally, in chronic bronrhilis and 
other torpid processes, strychnine is of great value l)y increas- 
ing the oxygenizing power of the l)lood,* and stimulating 
thereby all the reparative functions,* 

Dlluas WHICH RESEMIH.K STRYCHNINE IN THEIR 
rilYSEOLOGICAL ACTION. 

The physiological action of brucine differs in no way from 
that of strychnine. It is less active as a spasmogenic agent, and 
less reliable. 

Caffeine acts much as does strychnine. It activates the 
adrenal center with even more vigor, however, thus increasing 
markedly the proportiorj of adreno.xidasc in the blood.* Al- 
though its action on the vasomotor center is less marked, it is 
sufficient to raise the tone of the vessels and heart, the nutri- 
tion of these organs being materially aided by the increased 
oxygenizing property acquired by the blood under its use.* Its 
indications are practically those of strychnine. Its marked 
action on the vascular system and the heart has also caused it 
to be used as a substitute for digitalis. 


♦ Author's conclusion. 
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COCA AND COCAINE. 

Physiological Action. — Cocaine owes its therapeutic prop- 
erties to the fact that it stimulates (1) the test-organ and 
tlirough it the adrenal center,* and (2) the vasomotor center. 
Its action on the adrenal center is very powerful, the adrenal 
secretion and its product adrenoxidase being increased in the 
blood even by small doses, while general metabolism is aug- 
mented in proportion as the therapeutic dose is increased.* 
This is the characteristic action of nontoxic doses of cocaine.* 

Cocaine is more powerful as an adrenal stimulant than cither 
belladonna, digitalis or strychnine. E. T. Reichert**- refers to it as “a 
thermogenic of extraordinary ixjwer.” Ife found*®* that in dogs “general 
metabolism is distinctly increased even by small doses, and that the 
extent of the increase is proportional to the size of the dose.” In two 
series of experiments, for instance, the heat- production Avas increased 40 
per cent, by a dose of 0.0025 gm. per kilo of body weight, and 146.9 per 
cent, by one of 0.01 gm. per kilo, the mean temperature rise in the first 
series being 0.55® C. (1® F.) and 1.81® C. (3.26® F.). With still larger 
doses the rectal temperature rose lieyond this (2.19® C.— 4.94® F.) before 
the experiment ceased. Indeed, Wood'** states that “the rise of rectal 
temperature in <tocaine-poisoning sometimes amounts to as much as 8® F.” 
(4.44® C.), and moreover that the drug “is a powerful stimulant to the 
respiratory centers” — a conclusion based on the investigations of von 
Anrep, Mos.so and others. That the adrenal center — the respiratory cen- 
ter — is the source of the impulses which provoke these effects is shown 
by the fact pointed out by von Anrep, Berthold^*® and Reichert,'*® that 
preliminary division of the upper portion of the spinal cord prevents all 
the effects of cocaine. By increasing the secretion of the adrenals its 
action on the heart may become sufficient to arrest it in systole — the 
characteristic final effect of cocaine on this organ, according to Pachon 
and Moulinier.'” 

Similar effects are obtained from the coca plaint itself. Gazeau 
found that coca leaves taken daily increased the respiratory activity, the 
temperature, and the excretion of urea; 18 gm. ( 4 V 2 drachms) Liken 
daily increased the output of urea 11 per cent., and 20 gm. (5 drachms), 
16 per cent. The latter dose accelerated the pulse and the respiratory 
rate. These observations were confirmed by Espinosa. Montegazza had 
previously observed an increase of temperature. Gazeau, Morton,'®* 
Haig**® and Mortimer,*" all assert that it frees the blood of products of 
tissue-waste — a property due, as is well known, to increased oxidizing 
pow'er. 


Author^s con^luHon. 

Reichert: Tberap. Gazette, July 16, 1902. 

I” Reichert: Unlv. Med. Mag., May, 1889. 

‘"♦Wood: hoc. cit., thirteenth edition, p. 204, 1906. 

Berthold: Centralhl. f. med. Wlssen., Dd. xxlll, S. 43.6, 1885. 

** Reichert: Amer. Lancet, May, 1891. 

Pachon and Moullnler: C. r. de la Soc. de blol., 10 s6rle, vol. v, p. 666, 

1898. 

i** Morton: Jour, of Nerv. and Mental DIb., Oct., 1879. 

■"* Haig: *‘Urlc Acid as a Factor in the Causation of Disease," London, 1897. 
'"Mortimer: "Peru, History of Coca," p. 426, New York, 1901. 



COCA AND COCAINE. 


1233 


The direct action of cocaine upon the vasomotor center is 
much less pronounced than that of strychnine.* Though it 
raises markedly the blood-pressure, this is mainly due to the 
fact that its powerful- stimulating influence upon the adrenal 
center and the general increase of metabolic activity this 
entails, affect likewise the hcart-muscle Jind muscular elements 
of the blood-vessels, .arteries and veins.* 'riie volume of blood 
driven into the capillaries of all organs is therefore increased 
(by the contraction of the larger vessels), but not excessively, 
as it is by drugs which excite violently the vasomotor center.* 
The increase of volume, however, plus the marked gain of oxy- 
genizing power acquired by the blood, represent the immediate 
effects to which coca and cocaine owe their therapeutic action.* 

That co<*airie raises the blocxl- pressure has been sliown by von 
Anrep,^^ Vulpian,”® Labonie, Nikolsky, Danini, Reichert'^* and others. 
The fact that the arterioles take part in the general constriction is indi- 
cated by tho observation of Diirdiifi"* that the narrowing of the arteries 
of a rabbit’s ear, which occurs after cocaine has been ingc‘sted into this 
animars blood, is prevented if the C(‘rvicul sympathetic of the corre- 
sponding side is severed. According to Mortimer,'*® coca, given inter- 
nally, also “contracts the peripheral arteries.” That all tlio.se effects 
arc originally of central origin is shown by the fact that w’hen tho 
adrenal and vasomotor paths are severed, they cease. Thus, Danini, 
Bcrthold'*" and Reichert found that after section of the spinal cord alone 
or with the vagi, cocaine no longer distinctly increases the blood- 
pressure. 

The crow'ding of the highly oxygenizetl blood into the peripheral 
tissues causes the effects of cocaine to resemble those of belladonna. 
Thus, Cusliny'*^ states that “tho pulse is accelerated, the respiration is 
<piick and deep, the pupil generally dilated,” ami that “headache and 
dryness of the throat are often complnined of.” The fugacious pre- 
liminary slowing of the heart’s action, also observed under atropine, was 
noted by both Viilpian and Arloing, wdiile dilation of the pupil has been 
noted by Koller, Terrier,^*'* Laborde,”* von Ann*p and others. It occurs 
also fifteen to tw'cnty minutes after a solution of cocaine has been 
applied. Cocaine also, as stated by Manquat, causes a slight paresis of 
accommodation and increases pain in glaucoma, thus showing that it 
increases intra-ocular tension — ns does atropine. 

The effects of the coca plant are evidently similar. Shuttlevvortld** 
noted tliat it caused dryness of the throat; IVlontegazza^' and Gazeau'“ 
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both observed acceleration of the pulse. Mortimer^*” says that **after 
mastication of a great quantity of coca, the eye seems unable to bear 
light,” and that ” there is marked distention of the pupil,” referring to 
the observations of Tschudi,’** Schroif‘“ and others. 

It is owing to its powerful stimulating action upon the 
adrenal center and its less marked, though effective, action on 
the vasomotor center, that coca and cocaine owe their energetic 
cxcito-motor properties.* 'J1ic volume of blood supplied to the 
tissues is not only greater, but, its oxygenizing virtues being 
unusually high, the intrinsic metabolism of all cellular ele- 
ments is correspondingly enhanced.* It is through this prop- 
erty that coca activates the nutrition of all muscles.* The 
muscle liber is also enriched in those substances which serve 
to cause its contraction, since the surplus of adrenoxidase in 
the blood likewise augments the functional activity of the liver 
and of the leucocytogenic organs.* The carbohydrate reserves 
(the most important of which is glycogen) are thus supplied 
to the muscles in greater quantities (though commensurate 
with the supply of adrenoxidase), and the potential energy 
w’hich the increased nutrition supplies can thus be converted 
into a correspondingly greater amount of muscular work.* 

Mosao found that in warm-blooded animals, ineluding man, mus- 
cular excitability was increased by small doses. Fuster, in experimonta 
upon himself, experienced marked muscular agitation and tremors, with 
impulses to physical moveinenta. Beiicdiecnti*'’'* also found ergograplii- 
eally that cocaine raised not only the contractile energy of the muscles, 
but also their power to resist fatigue. (Itt showed that the contractions 
were prolonged. The convulsions caused by toxic doses occur, ns observed 
by Orasset,'"' five or six minutes after the drug has been injected, and 
may be brought on by peripheral excitation, thus showing, in accord 
with the conclusions of ilosso, von Anrep, and Soulier and Guinard,'“ 
that the reflex activity of the spinal axis is markedly increase<l. This is 
not due, as generally believed, to a local action of the drug, but to the 
excess of adrenoxidase in the ])lasimi of the nerve-cells.* 

The leaves of tlie coca plant have been extensively used by the 
natives of Peru, Bolivia and other South American countries, to increase 
their mustailar strength and endurance. According to various medical 
authors, Tschudy.’™ Ihiamir*,’™’ Moreno y MaTz’"^ and others, who wit- 
nessed its use in these countries, th • plant undoubtedly possesses this 
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property. Sir K. Christison'®- observed cx|)erimen tally upon himself 
that it removed extreme fatigue and prevented it, suspending also hunger 
and thirst, ilcichert^"® also found that under restricted dit^t, and even 
in the absence of food, coca enables its user to do mure work than under 
normal conditions. 

Mortimer’®* concludes that the increased muscular power is caused 
by coca “through the excitation of the hypotiietical ferment of the con- 
tractile clement.” That such an action prevails — thoiigli indirectly — is 
evident from the facts I have submitted. Indeed, the function of adren- 
oxidutse is dual here, as it is in all tissues: it takes part in the intrinsic 
metabolism of the muscular protoplasm as it does in that of all cells, a 
function which, in its catabolic phase, utilizes the ferment or hydrolytic 
triad.’®* This is the trophic element of the process, however — that 
through which the life of the muscle-cell is sustained ns well during 
repose as during contractile activity. This docs not mean that coca or 
cocaine supplies nutriment to the muscle, but that it augments its fjinc- 
tional activity by raising its power to utilize tlie nutrient inak'rials that 
arc available. 

t 

'rhu anaesthesia produced by the local ai)plicatioii of 
cocaine is due, as is well known, to a marked vasoconstrictor 
action. The tissues, including their sensory terminals, being 
deprived of blood, lose their sensibility. Thjs property of 
cocaine differs entirely from that of the same agent when it is 
used internally — the only action which enters within the scope 
of this work. 

Untoward Effects and Poisoning. — An excessive dose 
of coca produces mental excitement and an exacerbation of 
muscular power, but this is apt to be followed by general weak- 
ness, especially of the legs, cutaneous horripilation, coldness 
and difficult locomotion. These are obviously the after-effects 
of excessive intrinsic muscular metabolism. 

Cocaine^ in toxic doses — which include small as well as 
large doses — gives rise to symptoms due in practically all cases 
to exciessive excitation of the adrenal center. This is aggrav- 
ated, however, by a concomitant rise of the blood-pressure 
through supranormal metabolism in the muscular layers of the 
blood-vessels, a corresponding overaction of tlie cardiac muscle 
from the same cause and excitation of the sym])athctic center. 
As a result, blood excessively ricli in adrenoxidase is forcibly 
driven into all organs. The following phenomena are pro- 
duced: the cerebral hyperapmia provokes marked excitement 
and hallucinations, the patient being very talkative, wakeful, 
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and pcrluips anxious and confused. The pulse is accelerated, 
the respiration rapid, the mouth and throat dry, and the pupils 
dilated. Ciradually as the general vasoconstriction increases 
these syjiiptonijs become more marked, and profuse perspira- 
tion, creeping sensations in the skin, convulsive movements 
and pnecordial distress appear; the cardiac action becomes 
extremely rapid and irregular, the respiratory movements like- 
wise, dyspmea becoming steadily more marked. If the toxic 
dos(? be not too large, thc^se j^henomena may gradually disap- 
pear, leaving the i)atient extremely weak, especially in the 
lower extremities. Otherwise violent tonic and clonic convul- 
sions ap|)ear, and death occurs in the midst of a paroxysm. In 
such cases the heart is found tightly contracted. Its diastoles 
become more and more restricted, and the volume of blood 
raised is gradually lessened until finally it ceases to dilate. 
This mode of death is due to excessive stimulation of the 
adrenal center and to paralysis of the heart by excessive con- 
traction of its ventricles.* 

In some cases, cspc'cially when the toxic dose is very large, 
the convulsive stage does not appear; the patient, after a few 
of the preliminary symptoms, lapses into a state of profound 
colla])se, the pulse being weak, small and intermittent, and 
sometimes slow. I'hc heart here, though still active, is unable, 
owing to the cramped condition of its walls, to dilate sidli- 
ciently, and, too little venous blood being sent to the lungs dur- 
ingeach contraction, respiratory failure occurs.* The respira- 
tions become increasingly slow and shallow; the skin grows 
cold, clammy and cyanotic, and death follows, but due in this 
case to respiratory paralysis. 

Death from (•oeaiiie-fioi soiling is evidently not due to inhibition of 
the, heart. Piiehoii and Moulin ier'^^ found the vcntrieles tightly con- 
tracted and the auricles diluted. That a relatively small dose may pro- 
duce such ellects is well shown by tlic following case reported by Tivy'*^ 
— one of urethral stricture with retention of urine. He states: “[ 
rosolve<l to get a small catheter or bougie into his bladder if possible, 
and, to save the patient some of the pain and so facilitate the process, 
I decided to inject some solution of-eoenine into the urethra beforehand. 
I therefore injected half a drachm of a 10-por-eent. solution of cocaine 
hydrochloride with a glass syringe into the urethra in the ordinary way, 
telling the patient to hold the penis in his fingers to prevent escape. I 
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then left the patient with the wardsman who Avas atteiuliii^ me, and 
turned to wash my hands; but before I could get to iliti end of the 
ward the man called to me, and 1 returned immediately. I then found 
thi patient in a state of clonic convulsion, with his back arched, and 
jumping up off the bed. llis jaws were moving spasmodically, and he 
had bitten his tongue. His face w’as somewhat cyanosed and his breath- 
ing A^cry spasmodic and slightly stertorous. The eyeballs Avere fixed and 
the lids half closed. 1 could not feel a pulse at the Avrist, but his arms 
\rere jerking so forcibly that it Avas not easy in any case. I put my 
ear to the chest and heard the heart beating. His breathing rapidly 
became sliallower and convulsions lessened in force, anil in about a 
minute respiration ceased, the cyanosis increasing; 1 put in a gag, 
pulled out his tongue, and began artificial respiration, and the Sister 
brought me a hypodermic syringe of brandy, which she injected while I 
continued the respiration. I also had a hot stupe put over the heart, 
but Avhen I listened again the beats had ceased. 1 perscA'cred with artifi- 
cial respiration for a quarter of an hour and had the brandy repeated, 
but with no effect, jis the patient mwer rallied, and Avas, I believe, dead 
in about three minutes from the time of injection. I made a post-mor- 
tem examination the next day and found all the organs fairly healthy. 
The kidneys were cong<\sted but not diseased, the spleen was enlarged and 
fleshy, and the liver showed signs of cirrhosis. The heart had a|)parently 
stopped in .systole, as all the chambers were enijity.” The participation 
of the entire rnuseular system in the morbid process and the inlluence 
on the heart are cleairly shown. 

The second mode of death is really but a slight modification of the 
first. The “crarnpcir’ heart, instead of stopping outright, continues its 
functions in an imperfect manner; it necessarily fails to satisfy the 
needs of the respiratory process, and the function, as a whole, sooner or 
later comes to a standstill. A suggestiA'c fact in this connection is the 
observation of Dujardin-Beainni^z”"* that doses no larger than 0.01 or 
0.02 gm. (Vo to Va grain) never caused syncope in his easi‘s when the 
patient Avas either stniiding or sitting. In the reeumhent ])()sition the 
heart’s tendency to become arrested in systole, i.t\, in the eraniped state, 
is increased, since the upright jKisition, by augmenting the intra-ventri- 
cuhir resistance of the blood-eolunin, tends to prevent contraction of the 
ventricles. 

Chronic Cocainism. — The stinuilatiiig action of cocaine 
upon the adrenal and syiniiallictie c(*ntcrs is attended, Avlien 
any but very small doses penetrate the blood-strcani, ])y an 
unusual expenditure of local latent energy, followed by a [leriod 
of depression and recuperation. Gradually, as the doses are 
repeated, the recuperative power of the eenters decreases and 
the depression experienced not only persists, but tends to lapse 
into prostration, especially in neurotic subjects. Soon the dis- 
covery is made that this prostration, which entails apathy, 
apprehension, inability to do satisfactory work, etc., is at once 
antagonized by the drug itself. Strength, agility, self-confi- 
dence, etc., return, hut continue only as long as the effects of 
the drug last. Stimulated, the adrenals have temporarily 
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enriched the hlood^s supply of oxidizing substance ; stimulated, 
the sympathetic centers caused the enriched blood to be driven 
vigorously into the tissues and the entire nervous system. Yet 
the centers, having sacrificed a correspondingly great amount 
of their energy, become increasingly less responsive to the 
exciting influence of the drug, and gradually, as the prostra- 
tion augments after each exacerbation of activity, the dose must 
be increased in order to insure satisfactory effects. Finally the 
patient shows evidences of rapidly-developing marasmus — the 
result of the general vasodilation and the deficiency of adren- 
oxidase which the debility of the adrenal center entails. The 
skin assumes a pale yellowish color, the extremities arc cold; 
digestive disorders, due to relaxation of the gastro-intestinal 
muscular elements and deficiency of digestive ferments, ap- 
pear, with anorexia and emaciation as normal sequences. The 
sympathetic center also losing its hold upon the arterioles, there 
occur hallucinations of vision, hearing, taste, smell and cutane- 
ous sensibility — the patient imagining that foreign bodies, 
creeping bugs, etc., are present in his skin — insomnia, delirium 
and delusions of persecution, sojnetimes attended with furor, 
during which the patient may injure himself or others, con- 
vulsions, general paralysis and insanity. 

The experiments of Reichert"’" in dogs clearly illustrate another 
fact, t.c., the depression which the active effects of cocaine produce: 
the 0.0025 gin. dose (per kilo weight) increased the temperature 
0.55° C., hut caused no subscHpient depression; the 0.01 dose raised it 
1.81° C., but it became subnormal during the third hour; in the two suc- 
ceeding experiments with still larger doses the temperature, after a 
marked ri.se, al.so became subnormal and continued so throughout the 
experiment. In man, as statwl by Norman Kerr:”" “When the dose 
taken has been relatively immoderate, the depression and nervous debil- 
ity may remain for days or till the next dose.’* 

The treatment of cocaine poisoning is described in a special 
section at the end of this volume. 

Therapeutics. — Apart from its local action (a feature of its 
use, which docs not enter within the limits of this work) cocaine 
is of great value in all disorders in which general adynamia 
prevails. Unfortunately, the vigor with which it overcomes the 
symptoms, i.e., by stimulating the adrenal center, whose 
debility underlies the morbid process,* is so gratifying to the 
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patient, if adequate doses arc taken, that he is exposed to the 
danger of indulging inordinately in its use, i.e,, acquiring tlie 
cocaine habit. To avoid this, small doses or, better still, 
preparations of the coca plant should be prescribed, the aim 
being to raise gradually the functional elliciency of the adrenal 
center to its normal standard. This measure avoids also the 
depression which follows the use of large doses. 

I have not given eo(*aino itself internally since the first two years 
of its appearance on tlie market, over twenty years ago; two <?xperi- 
ences having shown me its dangers. I use a preparation of uniform 
strength, the Alariani coca wine, which contains Vio grain (0.000 gm.) 
of cocaine to the ounce (as one of the constituents of the coca leaf), and 
prescribe it in the regular way, avoiding the word “cocaine” (Vinum 
Krythroxylon Alariani), and directing tliat it he put up in an ordinary 
pharma(M‘utical bottle. While ordering one ounce to la* taken three 
times daily, however, T give simultaneously digitalin (Vk. grain — 0.000 
gm.), or stryclinine ('/«« grain — 0.001 gm.), and lay stress on the impor- 
tance of the last-named drugs. The patient’s att(»ntion is thus diverted 
from the cocaine, and c'xporience has shown that he is not exposed to the 
danger of becoming a cocainomaniac. Mariani wine has of late contained 
no t^eainc, however, and tlic uncertain H. S. P. wine of coca is alone 
available. 

Coca and cocaine have been found of especial value in 
neurnstkenia, debility and retarded convalescence, owing to its 
effects on general metabolism not only upon the muscular tis- 
sues, hut also the nervous elements proper.* This accounts also 
for their value in all forms of paralysis de|)endent upon general 
asthenia, and in melancholia due to cerebral ischaunia. In car^ 
dine disorders in which functional atony and dilation prevail, 
they serve much the same purpose as digitalis, strophanthiis 
and kindred drugs.* Their beneficial etfects are especially 
marked in the weak heart of delayed convah'secnce from debil- 
itating diseases, influenza, for example. This applies also to 
torpid catarrhal processes and particularly to chronic bronchitis, 
the increased vigor of cardiac contractions and the greater oxy- 
genizing power of the blood serving to increase the circulatory 
activity in the bronchial mucosa* and to incite and hasten reso- 
lution. In disorders of the gouty series, migraine, asthma, etc., 
they tend to prevent the recurrence of accesses by increasing the 
oxygenizing and antitoxic properties of the blood and,* there- 
fore, its power to break down the toxic products* of imperfect 
metabolism, while simultaneously, by activating the metabolic 
process itself, preventing the formation of toxic wastes.* They 
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also afford material aid in the asthenic stage of infectious dis- 
eases, typhoid fever, yellow fever and smallpox especially, by in- 
creasing the blood’s asset in auto-antitoxin* and by sustaining 
the contractile power of the heart. Coca is one of the most 
efficient agents at our disposal in the treatment of alcoholism; 
by stimulating directly the test-organ, and through it the 
adrenal center,* it counteracts the debilitating action of alcohol 
on this center and the craving for alcoholic stimulation. 

QUININE. 

Physiological Action. — Moderate doses of quinine stimulate 
the general vasomotor center and cause general vasoconstric- 
tion. Contraction of the central vascular trunks being thus 
produced, the blood supplied the peripheral vessels is in- 
creased,* and the reflex sensibility of the cutaneous sensory 
nerves is correspondingly influenced. 

“Quinino,” saya Manquat, “always causes; in the state of the ves- 
sels, modifications related to those of the pressure. Weak doses give 
rise to vasoconstriction and large doses to a vasodilation.” This was 
conclusively demonstrated experimentally by II. A. Hare,’“^‘ who observed 
that in frogs under the influence of quinine, the vessels were much more 
contracted (their walls being also thicker) than those of norinal frogs. 
Von Schroir,”*'* in accord with this obaervation, had found that cpiinino 
caiiaed a preliminary rise of blood-preasure, an effect also noted experi- 
mentally by Schlockow%'^^ Block, Neissner,”* Jerusalimsky,’” Sec and 
Bochefontaine’^" and otliera. It is further confirmed by the fact that 
the peripheral congestion caused by the constriction of the central vas- 
cular trunks becomes suUiciently marked to greatly increase the sensi- 
bility of the cutaneous nerve-endings. This was first observed by 
Schlockow, who found that quinine increased the skin’s reflex activity. 
Heubach’” and Cerna'^** reached similar results experimentally, but 
found that this was produced only by very small doses; they also con- 
clude that since it was prevented by ligation of the abdominal aorta, it 
was to be ascribed to overactivity of the peripheral sensory nerves. 

This indicates that the general vasoconstriction is of central origin, 
for, as we have seen, convulsions are caused in frogs by excessive stim- 
ulation (i.e., hyperaemia) of the cutaneous sense-organs, such as that 
produced quinine and other alkaloids of cinchona. Albertoni”* found 
that the convulsions thus produced by cinchonidin in pigeons occurred, 
even though the cerebrum had been removed, provided the drug were 
injected after the animal had been given time to recover from the shock 
of the operation. This sho>vs that the indirect cause of the convulsions 
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originated not in the cortex, but in structures below the brain. Indeed, 
they occurred also in dogs after destruction of the cortex. Moreover, 
Jerusalimsky found that the rise of blood'prcssure caused by quinine did 
not occur after transection of the spinal cord, which, of course, contains 
the vasomotor paths. 

Larger therapeutic doses likewise stimulate the general 
vasomotor center, but this action is soon supplcMiiented by 
another, i,e., direct stimulation of the sympathetic center, and, 
as a result, by increased propulsive activity of the terminal 
arterioles.* Tlie peripheral vessels are thus not only supplied 
with an unusual volume oL* blood, but the pressure to which the 
terminal arterioles submit the latter as it passes through them 
forces the blood into the cutaneous capillaries with sullicient 
violence, generally, to cause marked Hushing.* A sensation 
of fullness in the head and cars, due to cerebral hyperaemia, 
may be accompanied by more or less severe headache, tinnitus 
and deafness, the hitter being sometimes permanent, especially 
when the use of the drug is continued. 

Occasionally luvnuituria, purpura, erythema and subdermal 
swelling appear, the latter phenomenon being due to the fact 
that the blood or its serum is forced through the walls of the 
capillaries, owing to the centrifugal pressure exerted upon them 
by tlie blood -stream.* 

The cardiac* action is accelerated and strengthened under 
these conditions, the heart-muscle receiving a greater influx 
of blood. 

The intense hypera^mia of tlie capillaries is w’ell shown by the 
investigations of St. John lloosa'®® and Kirchner,"“- the lirst-naniod 
investigator having found that in adequate dos(*s the drug caused con- 
gestion of tlie middle ear. Kirchner not only confirmed this observa- 
tion, but found that it produced, in cats, hiemorrluiges in the middle and 
internal ears and in the fourth ventricle. The latter phenoincnon shows 
that the aural syniptoins are due to a general excessive engorgement of 
the capillary system, the blood, as in hujinatiiria and the cutaneous vas- 
cular lesions, causing often actual rupture of the vessels. This is illus- 
trated by the familiar fact that quinine often provokes epistaxis, with 
considerable relief, sometimes, of the severe headache caused by the drug. 

Quinine is poisonous to many organisms, including 
amoeboid cells. So marked is this action that adequate doses 
check the ammboid movements of the leucocytes themselves 
and prevent their migration from the vessels. The tissues 
failing to receive their usual proportion of nucleo-proteid 
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granules,* nutrition is lowered. Hence* the decreased elimina- 
tion of urea caused by excessive doses of the drug. 

It is to its direct action as a toxic upon the plasmodium 
malarias that quinine produces its beneficial effects in the vari- 
ous malarial fevers. It destroys not only the aniceba, but 
its spores, and thereby breaks up the morbid cycle. The 
activity of* this process is enhanced by the stimulating action 
of the drug upon the vasomotor center; the blood being driven 
in greater quantities into the capillary system and the liver, 
a fever-like ])rocess is awakened, in which the drug acts as the 
immunizing agent.* 'Fhe volume of blood in transit through 
the capillaries is sufficiently increased in some instances to pro- 
duce a rise of temperature reaching sometimes 105® F. 
(40.G® C.). In such cases the adrenal center is also stimulated 
by the drug.* 

The toxic action of (inininc upon tlie leiicocjyt^'s was first shown by 
Binz^"* in ISfiT. So marked was its action in this particular that areas 
of inflainnintion in the iiK'stmtcry of frogs produced by the local applica- 
tion of mustard failo<l to be invaded by leucocytes when quinine had 
been given to the aninuih while they were present in great number in 
the untreated animals. This has been confirmed by Maurel,’*'® Pouchet'^‘ 
and others. Fitch'**® found that in animals poisoned with quiiiine the 
polymorphonuclear leucocytes are considerably reduced in number. 
These leucocytes are the neutropliilcs — those which, as I have shown,"** 
take up the food-products from the intestine. The result of this destruc- 
tion of leucocytes, which iie<*essarily diminishes the supply of granula- 
tions to the tissue-cells and metabolism is self-evident: deficient nutri- 
tion of the entire organism. That quinine produces, in fa(d., a marked 
diminution of urea excretion has been noted by many observers. Re- 
ferring to this evidence, and ])articularly to Prior’s,'"^ Wood, Sr. and 
Jrw,^“ write, ‘Sve are w'arranted in believing it established that quinine 
powerfully depresses the elimination of the nitrogenous excretory prin- 
ciples.” 

The direct action of the drug on the plasmodium is generally recog- 
nized. As to the febrile firocess sometimes aw'akened by quinine, cases 
have been reported in wdiicli the temperature rose* several degrees. Thus, 
A. L. Goodman*"* refers to a case in which the drug rais(»d the tempera- 
ture from 99® to 10:1.2®* F., twice, the temperature receding when the 
drug was withdrawn, and he refers to many reported eases, including 
nineteen by Prof. Toinas.selli, of Catania, in some of which the tempera- 
ture reached 105® F. (40.0® C.). 

Luca,**® in a study of the relative value of the administration of 
the drug by the mouth or by hypodermic injection, ascertained that the 
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quantity in'the blood is at first v’cry minute, but that it increases grad- 
ually, the maximum being reached in an hour. This is doubtless due 
to the fact that, as held by Lombard and Carles,^"^ leucocytes ingi^st 
quinine and arc i>oisoned by it. The alkaloid then passes out into the 
blood again or is promptly secreted by these cells. Luca found also that 
the parasite of malaria was susceptible to a minute proportion of the drug. 

Untoward Effects and Poisoning^. — In suhjecU unduly 
susceptible to its cirects, owing to hypersensitiveness of the 
sympathetic center,* very small doses ol* (luiiiine have caused 
untoward effects. Under normal conditions, even moderate 
doses (15 to 30 grains — 1 to 2 grams), by unduly stimulating 
the sympathetic center,* become harmful. They provoke such 
powerful contraction of the arterioles that the pmietration of 
blood into the capillary system is interfered with.* As a 
result, the peripheral hyperannia caused by the smaller doses 
is replaced by aiiieniia of the edtaneous capillaries.* This 
naturally entails lowering of the temperature of the surface; 
lienee the antipyretic effects of the drug, when administered 
in large doses. 

The arterioles of the various structures of the eye being 
likewise excessively constricted,* the quantity of blood supplied 
to them is correspondingly diminished. 'I'he vision may thus 
become impaired, or total blindness may occur, sometimes quite 
suddenly. Quinine amblyopia usually disappears gradually, 
however, after the use of the drug is discontinued. Tha light 
reflex is usually absent and accommodation may also become 
impossible. Nystagmus, strabismus and amesthesia of the con- 
junctiva have also been observed. The pupils are dilated when 
the constriction of arterioles* of the siihincter inuscles of the 
iris is sulTicicntly marked. 

'J"he corresponding constriction of the terminal arterioles* 
in various other organs also interferes with their functions: 
the cerebral (capillary) anannia gives rise to vertigo; that of 
the spinal system and the skeletal muscles to marked muscular 
weakness and a tremor resembling that of paralysis agitans; 
that of the lungs and in the body at large to marked dyspnoea; 
that of the myocardium to slowing and weakening of the 
hearUs action. Collapse may then occur, death being some- 
times preceded by convulsions. Such an issue, however, is 
extremely rare. 
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All these morbid effects arc aggravated, when very large 
doses arc taken, by the destruction of leucocytes which such 
doses provoke. 

The transition from hyperacinia to antemia of the cutaneous capil- 
laries is well illustrated by the fact that in frogs very small doses pro- 
duce, as stated by \Vood,““ ‘^a permanent palsy of rellex activity.” The 
cause of tliis has remained obscure. This may be said also of the anti- 
pyretic action of (piinine. “While no solution of this dileinma has been 
oirered as yet,” says Cusliny,'“® “it seems extremely probable that the 
antipyretic action of quinine is due to its retarding metabolism.” He 
characterizes as a “paradox” also the fact that while “on the one hand, 
there is no qiu-stion that the temperature falls,” “the combustion is cer- 
tainly not reduced to any notable extent.” Another unexplained fact is 
that noted by de Mnssy in 1871, and more recently by Huchard,''^ that 
large doses of quinine arrest lurmorrhage. All these elVects are readily 
explained when (?xccssive (sympathetic) constriction of the terminal 
arterioles is taken into account: the palsy of rellex activity is due to 
the reduced volume of blood in^the capillaries; the temperature falls 
for the same reason, though combustions are not materially reduced; 
haMnorrhag(*s are contrt>lled lMH?ause the constricted vessels no longer 
allow the blood to pass freely, and thus favor the formation of obturat- 
ing clots. 

I'he constriction of the ocular arterioles under the iniluence of 
large tloses was din'ctly observed by De Dono“*® in dogs. The vessels of 
both tin; iris and choroid n’ere markedly contracted in most instances — 
those of the oi)tic nerves always. He found the “quinine-amblyopia 
ischemia” in the retina of all cases, whether cured or not. As stated 
by Wood,**" “the o])hthalmoscopic examination commonly, but not always, 
lias revealed pallor of the optic disks, with excessive lessening in the 
size of the retinal vessels.” The exceptions are, obviously, those in 
which the doses were not large enough to provoke ischaemia. Indeed, 
smaller doses may induce tlu» opposite effect — the hypcncmia to which 
1 have referred. Thus, l)ickin.son “has seen the optic disks swollen and 
having the appearance of an ordinary choked disk.” The presence of 
quinine ischicrnia is further emphasized by the fact that de Schweinitz 
found that “the continuous administration of the drug may finally cause 
a true atrophy of the ojdic nerve” — ^a normal result of inhibited nutri- 
tion. Both Briinm?r'''^ and de Schweinitz'^'*® ascribe the loss of retinal 
function to a vasomotor spasm probably of centric origin, but such a 
spasm would mean tlu‘ presimce of gtmeral vasoconstriction, a condition 
which would entail engorgement and not depletion of the peripheral ves- 
sels. Again, vasomotor spasm does not exist under such conditions. 
“When the doses of quinine are large (1..5 to 2 gms. |2.3 to .*10 grains! ),” 
write Nothnagel and llossbach, “w-hether in man or animals, during dis- 
ease or health, the contractions of the heart and the vascular pressure 
is lowrrrd ; most observers (Briquet, Dumf'ril, Reil, Schlockow, Lewit- 
zky, Schroff, Jr., Lieb(*rmeister ) consider this as an indubitable and con- 
stant fact.” Indeeil, we are dealing, not with A\asoniotor spasm, but 
with spasm due to excitation of the sympalhvlia center, the terminal 
arterioles of the eye being tlirottled, as it Avere, as are those of the body 
at large. 

^“-Wood: Loc. Hf., thirteenth edition, p. 503, 1906. 

^'•aCuBhny: Loc. ei7.. third edition, p. 305, 1899. 

*®*Huf;hard: .lour, des Pratleleiis, Deo. 8, 1900. 

»»®Dg Bono: Arch. d. Ottal., vol. ii, faao. 3 to 6. 189.5. 

^••“Wood: Loc. cit., thirteenth edition, p. .562, 1906. 

Brunner: Cited by Wood: Loc. cit., thirteenth edition, p. 663. 1906. 

de Schweinitz: IbUl. 
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The treatment of quinine poisoning is doscribod in a special 
section at the end of this volunic. 

Therapeutics. — The use of ({uininc as an antipyretic is 
now obsolete, other remedies and measures being ])rererable 
when hyperpyrexia (above 105® F.) is to be reduced to prevent 
liaemolysis. Its tendency to produce dc'struetion of the red 
and white corpuscles in large doses also argues against its 
eniployincnt in tlie febrile diseases. Iji all forms of malarial 
fever, and conditiojis due to malaria, neuralgia, enlargement of 
the spleen, etc., however, quinine is invaluable, its power ex- 
ceeding that oT any other remedy. It is customary to precede 
its use by a mercurial |)urgative: the powerful stimulating 
action of mercury upon the test-organ and adnmal center"*'* 
accounts for the increased elfect thus obtained.* On the other 
hand, the production of malarial hannatnria, sometimes wit- 
nessed when quinine is given in intermittent fevers, is explained 
by the intense capillary hyperannia to which the drug gives 
rise,* and points to the need of moderation in its use. As a 
prophjjlaclic against malarial infection, quinimj is now of recog- 
nized value. This property is due to the cutaneous hypcriemia 
which the drug produces* and to the fact that the parasite or 
its spores, when introduced into the tissues by the mosquito, 
at once Jiicet blood which is toxic h) them, owing to the presence 
of quinine in solution. 

It is also by producing capillary hy|)CMUMnia, especially of 
the cutaneous tissues,* that ciuinine is beneficial in many other 
conditions. It can thus* abort acute corgza, tonsil litis, subacute 
hronchiiis, etc., if taken early ami in sutlicient (juantities: 3 
grains (0.2 gram) every two hours until slight headache or 
flushing of the face occur, when the dose is reduced.* The 
toxic wastes liberated in the blood through exposure to cold 
arc thus promptly destroyed* where they have accumulated, 
I.C., in the superficial tissues.* Suppurative processes, boils, for 
instance, arc promptly arrested by this treatment. In asthenic 
disorders, nsAir asthenia, quinine is of value by causing the nerve- 
elements, which are in reality all capillary blood-channels,* to 
receive a greater volume of blood-plasma.* 

• Author' ft conclusion. 

^^Cf. this vol., p. 1147. 
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DRUGS WHICH RESEMBLE QUININE IN THEIR 
PHYSIOLOGICAL ACTION. 

A number of drugs act much as does quinine, the varia- 
tions consisting in their action upon the different centers. 
Thus eiicalyplus stimulates the adrenal, vasomotor and sympa- 
theties centers, but mainly the latter. Indeed, when toxic 
doses are givxMi, death is due to excessive constriction of the 
arterioles of the heart and failure of the respiration. Eucalyp- 
tus is much less effective than quinine, or, in fact, any prepara- 
tion of cinchona, as antiperiodic. 

DRUGS WHICH BECOME CONSTITUENTS OF THE 
TISSUE-CELLS. 

Closely associated with the drugs described in the forego- 
ing pages is the class of agents generally known as ‘^nutrients,” 
in the sense that they are actual components of the tissues. 
They arc of great value, therefore, as adjuncts to these drugs 
in appropriate cases, since the latter only stimulate function 
Mdthout contributing directly to the body’s resources. 

Iron owes its therapeutic value to several concomitant 
properties. Being a normal constituent of tissue ajul blood- 
cells, its beneficial effects appear only when it is actually 
required. It stimulates the adrenal center only incidentally — 
probably before it has assumed an assimilable form. Its 
specific action, however, is to take part in the elaboration of 
hajmatin, of which it is the chief component, and to stimulate 
the bone-marrow — thus increasing the production of red cor- 
puscles. Its purpose in lurmatin being, as I have shown, to 
act as storage material (the link being its own affinity for oxy- 
gen) for adrenoxidase, pending the distribution of the latter 
to the tissues, iron thus enhances directly the blood’s all-im- 
portant function, oxygenation. 

In phosphorus we have another constituent of tissue-cells 
even more widespread than iron, and fully as important to the 
vital process. The various roles I have ascribed to it in all 
organic functions, e.g., in the maintenance of the blood’s tem- 
perature, in the body’s auto-protective processes, in the intrin- 
sic exchanges of the tissue-cells, including the nerve-cells, and 
the genesis of the nerve-impulse, etc., emphasize sufficiently its 
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therapeutic indication in adynamic disorders, especially those 
in which the nervous system has borne the brunt of the original 
pathogenic factor. Being, like iron, a component of the tissues, 
it affects the nerve-centers morbidly only when given in toxic 
doses. In therapeutic doses, especially when it forms part of 
an organic compound, phosphorus is building material, and is 
essentially beneficial as such when given with such agents as 
digitalis, coca, strychnine, etc., which activate metabolism and 
the mechanism of nutrition, without, however, as stated above, 
contributing directly to the body’s assets. 

IRON. 

Physiological Action. — Iron being an important constit- 
uent of the blood and tissues, its effects become manifest only 
when the quantity available in the body is inadequate to satisfy 
the needs of the functions in which it takes part.* The earliest 
beneficial influence obtained is an increase of general oxygena- 
tion, and, therefore, of general metabolic activity. This is due 
to an incidental stimulation of the test-organ and adrenal cen- 
ter by the iron carried thereto by the leucocyt(‘s.* As iron is 
likewise an active stimulant of the luematopoictic cells of the 
bone-marrow, the red corpuscles are increased in number con- 
comitantly with the volume of adrenoxidase in the blood.* 

The physiolofrical fiction of iron is at present unknown. Tho 
increase of general oxyf^enation hsis been noted by vario\is observers, and 
by some after the first dose. Wood’-’*'” says: “The studies of Rokrow- 
sky™' have shown that, in cjises of aiiiemia, after the exliibitioii of iron 
the temperature does rise, even when in tho be^innin;;r it was not below 
normal, and that simultaneously there is an increase in the daily elimi- 
nation of urea” — experiments confirnied by llotkin in hejilthy men. 
“The increased oxidation cfinnot be due simply to sin increase in the 
number of corpuscles,” continues Prof. Wood, “for while the latter 
ac(;rue slowly, Pokrowsky found that tho temperature sometimes rose 
within five hours after the exhibition of the first «lose.” Von Noorden'’““ 
also states that “the salts circulatinj' in the blood (medicinjil iron) 
exert a powerful stimulus upon the luematoyMiietic cells of the bone-mar- 
row, and the result of this stimulation is an improvement of the blood.” 

A second important effect of iron is to increase the propor- 
tion of haemoglobin. This metal is the main component of 
hiematin, the coloring constituent of haiinoglobin that remains 


• Author' ft concluftion. 

Wood: hoc. rit., thirteenth edition, p. 446. 1906. 

Pokrowsky : Virchow’s Archlv, Bd. xxll, S. 476. 1861. 

»>von Noorden: “Nothnagcl’Q Rncyclo.,” vol. on the Blood, p. 487, 1905. 
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ill the red corpuscles; it serves to hold the albuminous portion 
of the haemoglobin, i.c., the adrenoxidase, within these cells, 
pending its distribution.* While the adrenal center and the 
bone-marrow are being stimulated, therefore, as stated above, 
the iron itself is absorbed by the red corpuscles to form hauiia- 
tin, and this pigment, owing to its aflinity for adrenoxidase, 
forms hasmoglobin — or, rather, oxylnemoglobin.* 

Tlie remarkable way in which iron increases the formation of 
haemoglobin, in chlorosis for instance, is ns well known as is the fact that 
it is the most important constituent of Inematin. As to its functional 
connection with adrenoxidase, the reader is referred to the thirteenth 
chapter. Wo have seen that iron is taken up mainly from the duodenum 
by leucocytes; additional evidence to this elieet was recently contributed 
by Matzner.^"* It is then, as shown by many investigators, including 
Wdltering^ and Maeallinn,^**'’* deposited in the liver, where, according to 
Wdltcring, Kunkcl"”® and others, it undergoes cliangos that fit it for tlio 
formation of Inetnoglobin. The researches of Quincke,"'^' W. S. Hall,’®" 
Schmey®® and others have shown that besides the portion converted into 
haemoglobin, any excess of iron was stored in the liver itself, the spleen 
and the muscles, particularly the myocardium. I have submitted in the 
first volume evidence suggesting that part of the iron in the liver was 
carried by eosinophile leuccxytcs to the capillaries of the alveoli, where 
it was absorbed by red corpuscles along with the albuminous portion of 
haemoglobin, the adrenoxidase. 

The presence of iron in chromatin, the living substance of 
cells, anti in the nucleo-protcid out of which it is built, points 
to a third important action when this metal is administered to 
subjects in wliich it is actually deficient:* being endowed with 
marked catalytic jiroperties, iron probably serves as a catalytic. 
The red corpuscle being a living cell, its luematin, owing to its 
rich iron content, is its nucleus. The normal elaboration of 
haimoglobin is carried on through the iron-laden chromatin of 
nuclei derived from meats, fruit, vegetables, etc., which thus 
becomes the mother-substance or ^‘haunatogen’^ of luemoglobin. 
But once in the corpuscle, the life or working efficiency of its 
haimatin (which remains in the cell) must be maintained. Its 
iron fulfills the identical role that the adrenal principle docs 
in the tissue-cell, viz., the albuminous portion of the haemoglo- 
bin (the adrenoxidase), to which it is linked, serving as source 


• Author's conclusion. 

®**Matzner: Die Heilkunde, 1903. 

20* Wiilterinf?: Zelt. f. phys. Cbemic, Bd. xxl, S. 186. 1896. 

20® Macallum: Jour, of Physiol., vol. xvl, p. 268, 1894. 

2o«Kunkel: Archiv f. d. ges. Physiol., Bd. Ixl, S. 595, 1895. 

20T Quincke: Sajous’s "Annual of the Unlv. Med. Scl.," vol. v, a-95, 1896. 

**Hall: Archiv f. Anat. u. Physiol., Physiol. Abtb., S. 49, 1896. 
2o»Schmey: Hoppe-Seyler’s Zelt. f. physiol. Qbejnle, Bd. xxxlx, S. 216, 1903. 
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of oxygen, the catalytic process contijuics uninterruptedly until 
t)ic corpuscle itself -is worn out and destroyed.* 

Ilumniarsteii refers to the now faniiliiir fact that “the nueleo-pro- 
teids contain iron,** and that the ash of muscle (meat) contains from 
0.04 to 0.1 per 1000 parts.-'" Iron was found in cliromatin by Macal- 
in the chnimatin granules, fibrils and nodal points of the cliro- 
matin network iii tlie lundei of animal and vegetable cells examine<l, and 
soinetiines in the cytoplasm. Molisclr'" found that in the absenct; of 
iron, plants fail to form chlorophyll. The presence of assimilated iron 
WJis discerned ny Ma(^allum even in the lowest forms of life, the protozoa. 
Bunge had been led to conclude that the cliromatin of plants was the 
mother-substance of hiemoglobin ; Macallum reached the same conclusion 
as regards both animal and vegtdable chromatin. 

The catalytic property of iron is now generally n*cognizcd. A. 
Bobin and Bavdet-'® coiiclmle in this connection that “all the researches 
of recent years tend to (hmionstrate that soluble oxides and the metals 
themselves, when in the colloidal state, can fulfill the part of ferment.** 
As the albuminate formed in the stomach is a colloid and the adrenoxi- 
dase converts the organic iron ingested into an oxidase, we have the 
conditions required for this purpose.* Beferring to the function of this 
ferment, Robin and Bardet remark: “One should say, in truth, that 
they are catalytic ferments,** which “borrow from the left to deal out 
to the right.** 

Poisoning. — Poisoiiiug by iron ingested by the mouth is 
rendered practically impossible by the 1‘act that it is absorbed 
very slowly, the rest ])assing out by lli(‘ intestinal canal. 
Attefnpts have been made to ascertain its toxic elfects by 
injecting iron salts, such as the tartrate of iron and sodium, 
into animals. But introdiiC(?d in this artificial manner, iron 
fails to undergo the preliminary gastro-ijitcstinal treatment 
which prepares it for ])hysiological assimilation.* The results, 
theri'fore, are apt to be misleading and are, at best, purely of 
academic interest. 

Therapeutics. — iron is chiefly used in amvmin, and partic- 
ularly in chlorosis. As will be shown in the article on Anaemia, 
however, it is indicated in a limited number of eases, depres- 
sion of the functional eiriciency of the vasomotor and adrenal 
centers accounting for the majority of instances in which 
pallor, muscular weakness, etc., are witnessed.* In the cases 
of true auiemia, those due to food containing an insufficient 
quantity of iron, its cfTects are, of course, striking, as they are 
in chlorosis. This is readily accounted foj in view of the cardi- 
nal functions this metal fulfils in the economy. 

• Author's conclusion. 

Hammarsten : Loc. cit., p. 402, 1904. 

Macallum: Loc. cit.. and Rep. of Brit. Assoc. Adv. of Sci., vol. 1896. 

®«Mol1sch: SItz. Wien. Akad.. Bd. clll, Abt. 1. S. .W4, 1894. 

Robin and Bardet: Bull. g^n. de th^rap., Feb. 25, 1905. 
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PHOSPHORUS. 

Physiological Action. — Tha role of phosphorus in the or- 
ganism is of cardinal importance in view mainly of its identity 
as a component: (1) of the nuclein of all cells, including the 
leucocytes;* (2) of the nucleo-proteid granulations which these 
cells secrete into the tissue cells to take part in their vital inter- 
changes, and into the blood, to sustain (with adrenoxidase) its 
normal temperature;* (11) of the thyro-parathyroid ferment, thy- 
roidase;* (4) of the myelin of nerves, which, with the adrenoxi- 
dasc circulating in the axis-cylinders and their networks in the 
myelin, generates the nerve-impulse;* (5) of the cell-bodies of 
all neurons and their dendrites as chromatin, sustaining therein 
(with their oxychromatiii, adrenoxidase) their vitality and 
functional activity, as it does in all other cells;* (0) of bones, 
chiefly in the form of calcium phosphate. 

The human organism acquires its phosphorus in organic 
combination from animal and vegetable foods, and it is in such 
a combination that phosphorus is absorbed. When, therefore, 
it is administered in an assimilable form in disorders due 
entirely or partly to deficiency of this ehmient in either or all 
of the organic bodies enumerated above, it can, in suitable cases, 
restore function. 

Tile iin[)Oi'tiirit fiiiiclions I ascribe to phosphorus were reviewed in 
tlie fifteenth cliapter, to which the reader is referred. Tlie far-reaching 
role of this element in the organism which the foregoing statements 
indicate, is well shown by experiments of Forster'”** in dogs, w'hich led 
this author to concliKie that deprivation of phosphorus proved fatal more 
rapidly than actual starvation. The animals were fed on meat from 
which all the phosphorus in organic combination was as much as possi- 
ble removed artificially. The anim.als soon reached a condition of ex- 
treme exhaustion. Uonversely, roiichet and Uhevalier,'"* referring to 
the efTects of organic compounds of phosydiorus, state that “they increase 
nutrition, as shown by increase of weight; ameliorate nervous activity 
and muscular tonus; increase the percentage of haemoglobin — all phe- 
nomena which indicate marked synthetic assimilation under the influence 
of these compounds.” 

The therapeutic effects of phosphorus are best obtained by 
administering this element in organic combination, the glycero- 
phosphates for instaweo. When phosphorus or any of its oxi- 
dizable preparations is used, it becomes oxidized in the stoin- 


• Authttr'M ronvlmion. 

Forster: Zelt. f. Biol., Bd. lx. S. 297, 1873. 
wffpoucjjet and Chevalier: Bull, g^n. de thdrap., Dec. 30. 1905, 
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ach by the adrenoxidase of the gastric juice, or in the intestine 
by that of the intestinal juice.* It is then absorbed as hypo- 
phorous or phosphoric acid, an inert substance which the organ- 
ism eliminates as a useless waste along with the phosphoric acid 
derived from tissue metabolism. Hence the frequency with 
which phosphorus proves of no therapeutic value. 

Cushny-’® Htiitcs that “the fate of phoitphonis in the body is still 
obscure,” but that “it is possible that some of it is oxidized to phos< 
phoric acid.” Ranvier-” found that when phosphorus was introduced 
undc^r the skin, the only result was arrest of local nutrition. Being 
endowed with intense aUinity for oxygen, it obviously depletes the neigh- 
boring tissues of theirs and becomes itself oxidized. Cau-'*' also found 
that phosphorus was oxidized by the tissues. The presence of adrenoxi- 
dase in the tissue fluids fully accounts for this, since it forms part, as 
we have seen, of the gastric secretions. The oxidize<l ])ortion of what 
phosphorus is ingested loses its toxicity, for, as stated by Cushny, “as 
soon as it is oxidized, phosphorus loses its specihe action, all the acids 
being comparatively harmless.” This has been emphasized by the re- 
searches of Bokay,-*® St»issano and Billon,''*®® Frenkel-*®^ and others. The 
last-named author found that, “contrary to the ailinnations of the par- 
tisans of phosphoric acid, the latter is incapable of assimilation by the 
economy, and is excreted in its totality.” 

Untoward Effects and Acute Poisoning. — Tho presence of 
adrenoxidase in the blood* explains many facts which so far 
have remained obscure.* 

If the dose of pliosphorus is sufficiently small, it may all 
be oxidized and prove harmless. When, however, the dose i«5 
large, the secretions are not alone de|)rivcd of their oxygen,* 
but the cellular elements of the gastric mucous membrane like- 
wise. Severe gastric pain, eructations of gas emitting a strong 
odor of garlic occur, and the patient experiences a sensation 
of heat along the (esophagus, with great thirst, hc^adaehc, 
nausea, vomiting, the vomitus being oflen lumijious in the dark 
— all due to a severe gastro-adeiiitis thus excitcnl. Erosions 
may involve the local vascnilar supply and entail the presence 
of blood in the vomited material. What portion of the phos- 
])horus remains unoxidized on passing down to the intestine 
excites therein corresponding lesions, even the colon being in- 
volved in the morbid process. The violent burning pain in the 


• Author' » ronvlusion. 

Cushny: Lor. rit., fourth rdition. p. 601, 1906. 

21 T Ranvler: Cited by Maiiquat: Loc. ctt., vol. i, p. 969. 

««Cau: Thfeso de Paris, 1901. 

2»®B6kay: Zelt. f. physiol. Chem., Bd. i, S. 157, 1877-78. 

Stassano and Billon: C. r. de la Soc. de blol., T. Iv., p. 482, 1903. 
*21 Frenkel: Le progrds m6d., Mar. 3, 1906. 
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epigastrium gradually extends throughout the entire abdomen; 
diarrhoea develops rapidly into violent purging, the dejecta like- 
wise being phosphorescent in the dark, and sometimes bloody. 
At times the local inflammatory process is so severe that reflex 
excitation of the intestinal glandular elements and muscles can 
no longer occur and constipation results. 

The well-kuown gastric lesions are duplicated in the intestinal 
canal. Plavcc-* * *** found experiinontally in dogs that phosphorus caused 
hieinorrhagic injection of the duodenal mucous ineinbrane, and in some 
instances ulceration. In an acute case reported by Newey/-’^ the 
stomach, which contained eight ounces (250 gms.) of blood, showed areas 
of softening and ulceration. The entire intestine presented correspond- 
ing signs, the transverse colon being intensely inilamed. The vascular 
engorgement observed even in acute cases is not due to the local action 
of the poison alone, however, as is shown below. 

Death may occur suddenly during this, the acute stage, but 
it is due to a cause dilfering entirely from that which entails a 
fatal issue when the ease is prolonged, namely, reflex inhibi- 
tion of the heart,* by excessive (sympathetic) constriction of 
its arterioles.* This organ becomes suddenly very weak, the 
pulse likewise; the pupils are widely dilated, and coma and 
death soon follow. 

Wood'*'* states that “in the very acute cases of phosphorus-poison- 
ing a primary condition of pronounced cardiac weakness, passing into 
paralysis, may be present.” Witherstine-*^ refers to a case in which 
death occurred in half an hour, (^htchebrak*^ found that the first 
action of the drug was to increase the rapidity of the circulation and to 
raise the blood-pressure, this being immediately succeeded by a decline 
of vascular tension. As inhibition of the heart is due to excessive vaso- 
constriction of its arterioles,* the preliminary rise of blood- pressure 
indicates how phosphorus can provoke cardiac paralysis. 

In the majority of cases, the symptoms, after a period of 
acute suffering, lasting from a few hours to two days, abate, and 
recovery apparently occurs. xVftcr one or more days of rela- 
tive comfort, however, the acute symptoms reappear. But 
now the pain extends to the liver, which organ may be found 
to be enlarged, and the vomiting often contains “coffee-ground” 
material, t.c., altered blood. The stools, if diarrheea prevails, 
are occasionally bloody and arc apt to be clay-colored, the lat- 
ter fact indicating the absence of bile. Neither the vomited 


• Author's conclusion. 

*“Plavec: Arch. f. exp. Path. u. Pharm., Bd. xlvlll, S. 150, 1902. 

***Newey: Lancet, Sept. 22, 1900. 
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^ Wltherstlne : Sajous’s “Annual and Analyt. Cyclo.,” vol. v, p. 471f 1900. 
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material nor the stools are phosphorescent at this stage — evi- 
dence to the effect that the greater part, at least, of the phos- 
phorus (the unoxidized remnants) has been gradually absorbed 
into the circulation, and that the dejecta now contain only 
phosphorus oxides. 

As previously stated, a portion of the phosphorus is oxidized in 
the alimentary canal by the oxidizing substance of its secretions. “It 
has of late years been demonstrated,’* says Wood,'^'^ “that phosphorus 
passes into the blood as phosphor and not in the form of phosphoric 
acid or other compound.** Wegner llusenmnn and Manner, Dybkow- 
sky*®* and others have found phosphorus not only in the blood and liver, 
but also in practically all tissues. On the other hanil, Poulet”®*' has 
ascertained that it was eliminated as hyf)ophosphoric acid, while San- 
tesson and Malmgrcn“‘ observed after administering large doses of phos- 
phorus sesqui-sulphidc to rabbits, a remarkiible excess in tiie output not 
only of nitrogen, sulphates and ammonia, but also of phosphoric acid. 

The recurrence of acute symptoms marks the beginning of 
the so-called “subacute^’ stage, a time when the blood^s func- 
tional activity has become impaired mainly by active hamio- 
lysis.* This is due to the fact that the phosphorus-laden 
nucleo-proteid of the plasma is supplemented by the phos- 
phorus absorbed from the alimentary canal.* The simultane- 
ous presence of an excessive proportion of pliosphorus and 
adrenoxidasc in the blood-plasma, by liberating heat-energy to 
an unusual degree, correspondingly enhances the ]:)roteolytic 
activity of the blood’s trypsin, and haemolysis, t.e., destruction 
of the red corpuscles, occurs.* As an inordinate proportion of 
adrenoxidasc is utilized in the process and the coagulating prop- 
erties of the blood are due to this substance (which is, we have 
seen, the ^^fibrin ferment”), the blood itself loses its coagulat- 
ing properties.* It becomes unduly Iluid, and, passing readily 
through the capillary walls, ccchymoses occur in various parts 
of the body, besides, in many instance, haemorrhages from the 
nose, uterus, in the retina, and occasionally gangrene. The 
normal result of such a condition of the blood soon shows itself, 
t.c., great weakness, collapse, and death by cardiac failure — 
often preceded by convulsions caused by the accumulation of 


* Author* a conclusion, 
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toxic wastes which the deficiency of adrenoxidase in the blood 
entails.* 

Corin and Ansiaux*®* ascertained that “fluidity of the blood is 
found only in cases of phosphorus-poisoning which have followed a sub- 
acute course.” When introduced into the blood-stream, phosphorus is 
independent therein of the synthesis of nucleins, for Rflhmaim-®' found 
that inorganic phosphorus coinpoiinds were liardly used at all. It is, 
therefore, as surplus to the nuclco-proteid’s phosphorus that it occurs in 
the l)Ioo(l — the aggregate thus becoming pathogenic by increasing, with 
the adrenoxidase, general metii holism. Tliat this actually occurs is 
shown by tlic fact tliat there is, as stated by Cushny,^^ “a very consider- 
able increase in the nitrogen” during this stage, “even although the 
patient continues to fast.'** That red corpuscles are dcstroytHl during 
this process has been emphasized by the investigations of V\)gel“'*® in birds; 
the huiinolysis began the second day, and by the sixth the comparative 
blood-count showed that one-half of the red corpuscles had been de- 
stroyed. Similar experiments in mammals (dogs) by d’Amore and Fal- 
cone*^** gave similar results. Wood''” refers to (.'oncato as having shown 
that the red corpuscles were “diminished in size and altered in form” — 
proof that they were undergoing destructive mc*tamorphosis. 

The fluidity of the blood is evidently a feature of the subacute 
stage. Oevidalli''" found that in order to render the blood uncoagulablo 
in dogs, phosphorus had to be injected from flve to ten days. Again, it 
is undoubt(‘dly to the destruction of adrenoxidase (the fibrin ferment) 
that the fluidity of the blood is due. Cevidalli also observed a “gradual 
diminution and disappearance of the coagulating ferment.” The lethal 
phenomena are obviously, under these conditions, due to the same cause: 
Ciishny,-'*® referring to Araki,"^® remarks: “In the statement that lack 
of oxygen plays a part in phosphorus-poisoning, he only confirms the 
impression of many earlier writers.” 

A striking symptom of the subacute stage is jaundice, first 
of the conjunctiva?, then of the whole body, which may appear 
from thirty-six hours to several days after ingestion of the 
poison. This is the result of several factors. The phosphorus 
from the alimentary canal having first to pass through the liver, 
it provokes therein a process identical to that in the blood; 
here, however, the red corpuscles are not alone attacked, but 
the hepatic structures per se likewise, and necrotic foci arc 
formed in various parts of the organ.* Hence the fact that it 
becomes enlarged and painful. At first the activity of the 
liver-cells is greatly enhanced, as shown by a marked increase 

♦ Author* s conclusion. 

Corin and Anslaux: VlertelJahreBSchrlft f. gerlchtllchG Med. u. Sanltdts., 
S 80 212 1894. 

**®Rohmann: Berl. kiln. Woch., Bd. xxxv, S. 789, 1898. 

Cushny: Loc. cit., fourth edition, p. 599, 1900. 

Vogel: Arch, intern, do phnrm. et do th^rap., T. x, fasc. Ill et Iv, 1902. 

d’Amoro and Falcone; Arch, de pharmacod. de Gand, vol. 1, p. 247, 1894. 

a” Wood: Loc. cit., thirteenth edition, p. 436, 1906. 

Cevidalli: Rlforma Med.; Phlla. Med. Jour., Feb. 7, 1904. 

“•Cushny: Loc. cit., third edition, p. 603, 1899. 

•«0Arakl: Zeit. f. physiol. Chem., Bd. xvll, S. 311, 1892-93; Bd. xlx, S. 433, 
1894. 
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in the pigment excreted — ‘^pigment,” meaning here bilirubin 
and haematoidin, both of which, we have seen, are reduced 
adrenoxidase.* * *** Finally, the bile thickens, owing to the pre- 
sence therein of its usual constituents, and also of cellular 
detritus, broken-down corpuscles, etc. — all of wliich contribute 
to block the biliary passages. Jaundice appears at this time. 

By “jaundice” here is meant a condition due to the resorp- 
tion into the general circulation of reduced adrenoxidase that 
should have passed out with the bile.* On reaching the skin, 
this substance, by a process similar to that which prevails in 
the pathogenesis of bronzing, gives it its yellow hue — an early 
stage of melanosis.* The reduced adrenoxidase is at the time, 
and even before, found in the urine as “bilirubin” or “ha?ina- 
toidin.” 

That destruction of the hepatic tissues is due to the action of some 
autolytie ferment has been suggested by traeohy.*^*- He also noted the 
disappearance of fibrinogen from the hepatic blood; this substance, we 
have seen, is composed of nuclw-proteid fibrinogen proper and adrenoxi* 
dase (fibrin ferment). The destructive process in the liver is a familiar 
pathological fact. P^nlwyssotsky'*- found necrotic foci in tliis organ. 
West'*^ found the hepatic cellular elements converted into a fine granular 
detritus amidst which tlio nuclei could hardly be detected, ('ushny®^* 
states that “the jaundice may also be accounted for in part by the 
destruction of the red cells of the blood and eonscHpieni increase of pig- 
ment formation in the liver.” The intra-corpuscular constituent of 
huunoglobin (which only leaves them under abnormal conditions, one of 
which is when the corpuscles are broken up) is, we have schmi, luematin. 
Wood'*® states that “hajinatin crystals are occasionally found in the vis- 
cera.” Demarbaix and Wilmart,-*® moreover, found luematoidin (adren- 
oxidase) in the urine. The sequence of events given above was traced 
in dogs with great assiduity by Stadelmann.*” 

The engorgemeut of the biliary passages, besides defleet- 
ing into the hepatic veins what reduced adrenoxidase should 
have passed out with the bile, thus causing its return to the 
blood-stream,* simultaneously provokes engorgement of the 
entire vascular system. The vessels, whose walls tend already 
to dilate owing to the lowered metabolism in their muscular 
wa.lls incident upon the haiinolysis and deficiency of adrenoxi- 
dase in the blood per se, are thus submitted to centrifugal pres- 


• Author's conclusion. 

Jucoby: Zelt. f. physiol. Chem., Bd. xxx, S. 174, 1900. 

=« PodwysBOtzky: St. Petersburg med. Woch., Bd. xlli, S. 211, 1888. 
a*" West: Lancet, Feb. 4. 1893. 

***Cu8hny: Loc. <it., fourth edition, p. 598, 1906. 

Wood: Loc. cit., thirteenth edition, p. 464, 1906. 

“•Demarbaix and Wilmart: Presse m#d., vol. xxl, p. 25, 1869. 

stadelmann: Archlv f. exp. Path. u. Pharm., Bd. xxiv, S. 270, 1888. 
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sure and still further dilated.* The cerebral vascular system, 
including its cellular eleiuciits, becoming hyperaemic,* head- 
ache, restless and dreamy sleep or wakefulness are complained 
of. If the cerebral congestion becomes very great,* wild 
delirium may occur. A similar condition of the spinal sys- 
tem* may evoke disorders of sensation, particularly of the tem- 
perature sense, liypcralgesia, pains suggesting neuritis, mus- 
cular twitch ings, localized spasms or even general convulsions, 
the latter being often the precursors of death. 

In cases that recover, the phosphorus available in the intes- 
tine has tinally been either oxidized, eliminated or absorbed; 
the destruction of red corpuscles and hepatic cellular elements 
then ceases. 'I'hc bile gradually losing its viscidity, the accum- 
ulated detritus is voided into the intestine and eliminated; and 
the skin ‘^pigment^^ being absorbed, relatively normal condi- 
tions are restor(*d, though the j)atchcs of destroyed tissue in 
the stomach and liver may become the seat of interstitial con- 
nective-tissue proliferation. Iji the liver, this may assume the 
type of a true cirrhosis with atrophy of the organ. Digestive 
and nervous disorders often persist some time after recovery. 

A striking feature of the morbid pro(!ess is the prescmio 
of fatty degeneration in all organs, including the smallest 
arterioles of the spinal cord. The so-called ^‘fat” here is a mix- 
ture of blood-constituents, fibrin, nueleo-proteid, etc., formed 
when the supply of adrenoxidase is ina(Ie(|uate to maintain the 
temperature and fluidity of the blood.* It is a post-mortem 
phenomenon correspondijig in a measure with that of jnyosin 
fonnation.* 

That th« hlood-prossiira is lowoml has boon observod by a mimbor 
of investigators. SehitP* 3-oars a«<o noted that the arteries were so 
widely dilated after death from phosphorus-puisoniiig, that the veins 
were eomparativcl3' empty. Pal''"* ascribed this vasodilation, not to the 
weakened cardiac power, but to dilation of the vessels themselves. Cor- 
nil and nraiilt-'^' ascribe the lesions found in the interstitial process in 
the vascular walls and the organs in general to a sui generis fatty pro- 
cess, i.e.t one preceded by no inH animation, and beginning six or seven 
hours after the ingestion of the }>oison and terminating four to seven 
days thereafter. Vollbracht,-“' in accord with these observations, found 
the vascular walls degenerated and associated with gangrene of both 
extremities. 

* Aitt/wr's eonvlusion. 

»«Schlfr: Ibid., Bd. 11. S. 345, 1874. 

2«Pal: Wien. klin. Woch., Bd. ix, S. 999, 1896. 

Cornil and Brault: Manquat: Loe. cit., vol. 1, p. 972, 1903. 

Vollbracht: Wien. klin. Woch., Bd. xlv, S. 1288, 1901. 
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The “fatty degeneration” of pliosphorus-poisoning is due, as else- 
where, to a delieieiiey of adrenuxidase.* After referring to the older 
view, that lessened oxidation of protcid fats explained fatty degenera- 
tion, as inconsistent with known facts, Ciisliny'^'' remarks: '^Lessened 
oxidation and fatty degeneration occur together under so many condi- 
tions, however, that there must almost certainly be a causal relation 
between them, though it is impossible to state at present its exact 
nature.” 

Chronio Phosphorus Poisoning. — This form of poison- 
ing, observed usually among persons employed in the manufac- 
ture of white sulphur matches, differs from the acute fonn in 
that the quantity inhaled at a given time is inadequate to pro- 
voke acute phenomena. The continued absorption from the 
respiratory surfaces, however, finally gives rise to practically 
all the symptoms already enumerated, the most eoinmon of 
which are weakness, abdominal pains, anorexia, a garlicky 
breath, gastric disorders, diarrlnea or o))stinate congestion, a 
subicteric color of the skin, w'asting, etc. These cases ditfer 
from those of the acute type, in that they suffer from necrosis 
of the lower jaw. 'This condition has been found to be the 
result of penetration of phosphorus-fumes to this bone through 
the intermediary of carious teeth. 'Phis process is readily 
explained wlicn the fact tliat bony tissues are dependent, like 
all others, upon adrejioxidase for their oxygen, is taken into 
account: the nutrient plasma of the bone being deprived of 
its* oxygeji by the phosphorus, which has a greater allinity for 
it than the bone itself, the latter, no longer nourished, dies.* 

Wegner'*'’ found that rabbits kept in pliosplionis-fumes siilTered in 
no way from necrosis if tlieir teeth were sound, but that injuries in 
which the Jaw-bone could be reached hy the fumes were followed by 
periostitis and necrosis. Magi tot** observed that phos])horus-workers 
supplied with jierfect teeth were free from necrosis even after years’ 
employment at this occupation, while all those who had bad teeth suf- 
fered from necrosis. 

'riie trcaimenl of phosphorus poisoning is described in a 
special section at the end of this vohirne. 

Therapeutics. — The physiological function I have ascribed 
to phosphorus in the tissue-cells (including nerve-cells) and 
blood, viz., to lib(*ratc heat-energy by combining with oxygon 
of the adrenoxidase,* places this element among our chief re- 
sources as a therapeutic agemt, since it constitutes one of the 

• Author' 8 comlusion. 

2“Cu8hny: Lov. cit., third edition, p. 605, 1899. 

Wegner: Virchow’s Archiv, Bd. Iv, S. 11, 1872. 

Magi tot: C. r. de I’Acad. de m^d.. Mar. 12. 1895. 
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pillars of the vital process itself.* By the use of strychnine, 
digitalis, coca, etc., we greatly stimulate functional activity, 
but the judicious adjunction to them of substances which 
actually take part in function, such as phosphorus, iron, 
appropriate foods, etc., we supply besides, the building material.* 
It is as such that phosphorus is especially beneficial in neuras^ 
tlienia due to overwork, anxiety, mental strain and sexual ex- 
cesses. Here, it actually replaces missing materials.* In ana!- 
mia, the addition of phosphorus to iron will render the latter 
elfective where before it was useless, because the improvement of 
the oxygenizing power of tlic blood requires a corresponding in- 
crease of available nuclein.* In impaired nulriiiori following 
exhausting diseases, such as influenza, ty|)hoi(l, typhus, intermit- 
tent fevers, etc., the same indication prevails. This applies 
likewise to. debility following prolonged lacMiion, overwork, 
shock, sorrov), etc. In the disorders which are thought to be 
normal results of old age, such as loss of memory, mental torpor, 
insomnia, etc., an inadecpiate supply of phosphorus, iron and 
iodine, is the pathogenic f«actor, and these agents will often serve 
to prolong a useful life. In the depraved condition to which 
morphinomania and chronic alcoholism finally drive the pa- 
tient, the judicious use of phosphorus after cessation of the 
habit is conquered, not only hashms recovery, but tends to pre- 
vent its recurrence by enhancing the nutrition and conductivity 
of all nerves.* Finally, the value of phosphorus in rickets and 
osteomalacia is generally recognized. 


* Author^ 8 conclusion. 



CHAPTER XX. 


THE INTERNAL SECRETIONS JN THEIR RELATION 
TO PHARMACODYNAMICS {Continued). 

THE SYMPATHETIC CENTER AS THE SLEEP CENTER. 

Bradbury, in his Croonian Lecture,^ stated eight years ago, 
that ^^notwithstanding tlie brilliant and laborious researches 
of physiologists and neurologists during recent years, the phe- 
nomenon of sleep is still enveloped in mystery” — a conclusion 
which is still a])plicablc. 4'hc reason for this is ])lain in view 
of the fact pointed out by myself in the first volume, that this 
function is intimately connected Avith the circulation of oxidiz- 
ing substaiKje (adrenoxidasc) in the neurons and their dendrites, 
that sleep is due to a diminution of this substance in these ele- 
ments, and that the adrenal system is intimately connected 
with this process. To overlook this intrinsic nervous circula- 
tion and the ductless glands in this connection is to |)crpetuate 
the “mystery” to which Bradbury refers. And this applies not 
only to th(j mechanism of sleep, but also to a widespread source 
of suffering, insomnia, and, moreover, to the action of liypnotics 
and anivsthetics. 

A diminution of adrenoxidasc in the nervous elements 
referred to entails a corresponding reduction of metabolic 
activity and other phenomena connected tluTcwith. HowelP 
wrote recently: “The central and most important fact of sleep 
is the partial or complete loss of consciousness, and this phe- 
nomenon may be referred directly to a Icsscmcd metabolic activity 
in the brain tissue, presumably in the cortex cerebri.” Again, 
“the physiological oxidations are also decreased, as shown by 
the diminished output of carbon dioxide.” A fall of blood- 
pressure is also present, as shown by TarchanofI’ in dogs and 
by Brusli and Fayerweather^ in man. 


^ Bradbury: Lancet. June 24. 1899. 

» Howell: "T. B. of Physiol..” p. 238. 1905. 

* Tarchanoff: Arch. Ital. de blol.. vol. xxl, p. 318. 1894. 

* Brush and Fayerweather: Amer. Jour, of Physiol., vol. v. p. 199. 1901. 
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The manner in which hypometabolism produces sleep and 
the process through which lowered oxygenation of the cortex 
is produced are left unexplained by the prevailing interpre- 
tations. In the first volume, I filled both these gaps. In the 
first place, I showed that the adrenoxidase-ladcn plasma which 
circulates in all parts of the neuron sustained the vital pro- 
cess in this organ as it does in all cells,® and submitted the con- 
clusion® that the tlionilike processes which project from the 
dendrites^ and other parts of a neuron, i.e., the gemmulcs, were 
"peripheral extensions of the dendritic walls having for their 
purpose to increase, when erect, the area of myelin exposed to 
the action of the oxidizing substance [adrenoxidase ] of the 
plasma, and thus to render the dendrite functionally active, i.e,, 
able to transmit or receive nervous impulses;’’ and also that 
.when the gemmulcs arc retracted or collapsed, "functional 
activity is in abeyance, as during sleep, anaesthesia, etc.” Addi- 
tional evidence has been submitted in the present volume as to 
the role of adrenoxidase and myelin in all nerve-cells, and to 
the effect that they jointly liberated nerve-energy, i.e,, the 
impulse. The manner in which sleep follows thus becomes 
plain: the intrinsic metabolism of all nervous elements, includ- 
ing those of the cortex, is itself reduced. 

The introduction of adrenoxidase and myelin as the joint 
source of functional activity harmonizes with a theory to 
which Bradbury refers as follows: "''Phe most fascin{iting of 
them all is what Duval has termed the histological theory of 
sleep: This seems to have been propounded in its most rudi- 
mentary state by Rabl-Riickhard, Avho suggested that an as- 
sumed amceboid motion of the neurons, and especially the 
dendritic processes, would account for various psychological 
phenomena. Thus sleep might be explained by a retraction of 
these processes and consequent inahility of nervous impulses to 
pass from one neuron to another. The same theory was elabor- 
ated independently by L6pine and Duval. L6pine thinks this 
isolation of the individual neurons may be due to some chemi- 
cal modification of the cellular protoplasm, and he also states 
that the theory explains the extraordinary suddenness with 


■ Cf. vol. 1. pp. 518 to 590 incl. 

• Cf. vol. I, p. 677. 

^ Cf. vol. i, plate opposite p. 550. 
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which a state of wakefulness passes into one of sleep. Duval 
goes so far as to explain the action of medicaments on this 
theory, and he draws comparisons between the action of drugs 
on the terminal dendritic processes and the effect of curare on 
motor nerve-endings. This is surely hypothcticar^ .... quite 
as much so, I would add, as the assumed action of curare 
(administered internally) on nerve-endings, as emphasized in 
the preceding chapter. 

The manner in wliich adrenoxidase and myelin take part 
in the transmission of impulses from neuron to neuron, sug- 
gests itself when the effect of intrinsic metabolic activity on 
its gcmmulcs is taken into account. Ihimon y Cajal,** who 
states that the dendrites are covc^red with a “protective sheath 
of great tenuity^’ (which I assimilate to the myelin sheath 
pt nerves, and a factor in the elaboration of nervous energy as 
stated above), advanced the view that impulses were trans- 
mitted by the gemmules which project through this sheath. 
As previously stated, however, and for reasons submitted in 
the first volume, T ascribe a different function to these thorn- 
like projections, viz., to extend the area of myelin exposed to 
the action of adrenoxidase and local metabolic activity. The 
structures which I regard as intermediaries for the transmis- 
sion of impulses, afferent or efferent, arc the tips of the den- 
drites and the branches (and collaterals) given off by the axons 
or axis-cylinders of neurons, to which Berkley® refers as a 
^T)ulbous ending situated upon the extremity of the finest 
branches of the nerve-fibers.^^ Since he says of the latter: 
“The researches of Flechsig, as well as my own, have shown 
that these fine branches arc furnished with a thin layer of 
myelin nearly to their termination,” and as they likewise take 
methylene blue and other stains showing the presence of adren- 
oxidase, the bulbous tips referred to are, as well as those of 
the dendrite^ and their thorns or gemmules, subject to erec- 
tion during activity as distinguished from rest, i.e., sleep. 

Now, whether with Cajal we regard the gemmules as the 
structures which receive impulses from these bulblikc axon ter- 
minals, or with Berkley, that the latter transfer thorn to the 


"Ramon y Cajal: Cited by Bradbury: Loc. Ht. 

"Berkley: Johns Hopkins Hosp. Reports, vol. vl, p. 89. 1897. 
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dendrites between the geinmulcs, or with me, that the bulbous 
tips of the dendrites (as in nerve-terminals in the Pacinian cor- 
puscles, in the end-bulb of Krause, etc.) receive the impulses 
from the knobbed axon-terminals or offshoots from dendrites, 
the mechanism of transmission is the same, provided another 
conclusion embodied in the first volume (in accord with Berk- 
ley’s previous observation) be accepted, namely: that these 
end-organs do not actually touch each other, as believed by 
some, but that they arc separated by'® an infinitesimal distance. 
Now, as I interpret the process, during active metabolism, i.e., 
during waking hours, this infinitesimal distance is preserved, 
hecaiis(» both dendritw cind axonal terminals are erect. The 
functions of the brain are active, owing to the ability of these 
terminals to touch and separate with great rapidity, i.e., to 
vibrate rhythmically according to the nature of the stimulus 
transmitted, whether it be connected with motility, sensibility 
or thought. Conversely, during lowered metabolism the bul- 
bous terminals recede and are then separated sufficiently to 
prevent vibratory contact and inhibit function. Motility, sen- 
sibility and thought are then in abeyance, i.e., in the state of 
rest or sleep. 

Thus it is that lowered metabolism can, in the light of my 
views, produce sleep. 

Another factor is required in this connection, however, to 
account for th(» mechanical erection of the gernmuk^s and the 
bulbous tips, iiaiiiely, an increase of blood-pressure. 1'he anas- 
mia of the cerebral structures observed in exposed areas and 
other facts have caused Howell” to suggest a theory which has 
deservedly received considerable attention, the “vasomotor” 
theory. The reduction of blood affords the necessary factor for 
the recession of the bulbous ti[)S during sleep, and their erec- 
tion during wakefulness. While he explains this phenomenon 
by variations in the cutan(X>ua circulation, TiConard TlilP^ ac- 
counts for it by dilation of the vessels of the splanchnic area, 
a condition which, we have now seen repeatedly, causes reces- 
sion of blood from the periphery — and from the brain, accord- 

Cf. vol. i, p. 579. 

Howell: Jour, of Exper. Med., vol. 11, No. 3, 1897. 

1= Leonard Hill: “The Physiol, and Pathol, of the Cerebral Circulation," 
London, 1896. 
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ing to Hill. The manner in which this vasodilation is brought 
about, however, is left obscure by these investigators. And yet, 
a fully established factor of the problem clearly accounts for it, 
viz., lessened metabolic activity, which, as previously stated, 
affects the cardiac muscle and the vascular umscle fibers, two 
conditions which entail vascular relaxation. 

That this brings the original cause of sleep down to the 
organs which regulate metabolism is self-evident. In the first 
volume, I ascribed^^ retraction of the gcininulcs to “suprarenal 
insufficiency.” By stating'^ therein that “when the gemmulcs 
are retracted or collapsed, functional activity is in abeyance as 
during sleep ....,” I indicated that sleep was to be ascribed 
primarily to a deficiency of adrenal secretion, i.e,, of adren- 
oxidase. This relegates ns to the adrenal center in the pitu- 
itary body. 

Salmon has recently’" suggested that the internal secre- 
tion of the pituitary body produces sleep. All the evidence 
extant indicates, however, that this organ enhances oxidation; 
it fails, therefore, to support such a theory. Again, I have 
called attention to the fact that in the higher vertebrates the 
pituitary body was not a secretory organ, its secretory functions 
having been taken up by its offshoots, the adrenals. 

Quite in keeping with the prevailing knowledge concern- 
ing the role of hypometa holism in sleep, and my own view that 
depression (and not overactivity, as Salmon believes) of the 
functions of tlie adrenal center, is tlic important fact pointed out 
by Lorand,’" that degeneration of the thyroid gland causes a 
tendency to sleep. Tie observed that dogs deprived of their 
thyroid slept almost all the time, that the loudest noises failed 
to awake them, and adduces other facts in su])port of his 
opinion. Recalling the researches of Magnus Levy, Thi(*lc, 
Nehring and others to the eff('ct that tlie thyroid gland regu- 
lates metabolism, Lorand ascribes the inlluence of degenera- 
tion of this organ on sleep to a corresponding depression of 
general metabolism. The manner in which this proc(*ss is car- 
ried out is fully explained by the functions I had attributed to 


“ Cf. vol. 1, p. 520. 

Cf. vol. 1, p. 578. 

“Salmon: Trans. 16th Congross of Intern. Med., Genoa, Ort., 1905. 
“Lorand: Verhandl. d. Congr. Innere Med., Ed. xxii, 3- ^95, 1905. 
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the thyroid secretion in the first volume^ viz., to stimulate the 
adrend center of the pituitary body, and through it the 
adrenals, whose secretion becomes converted into adrenoxidase 
in the lungs. It is plain that tinder these conditions and as 
Lorand has shown, any degenerative disorder of the thyroid 
should depress the adrenal center, inhibit the formation of 
adrenoxidase and metabolism, and provoke sleep. 

Interpreted from my standpoint, however, this does not 
represent the process which prevails in normal or physiological 
sleep. It is sleep due to a pathological condition. The thyroid, 
as a gland, can not be a governing organ : as is the case with 
the adrenals and all other glands, its secretory activity is regu- 
lated by a nerve-center. 

In a preceding chapter’^ I pointed out that it was by inhib- 
iting the functions of the pituitary body and of the thyroid 
gland that Cyon’s depressor nerve produced general vasodila- 
tion, at first of the vessels of the splanchnic area and then the 
vessels of the peripheral structures. The main conditions of 
HowelFs vasomotor theory and JIilPs observations are thus met. 
The manner in which metabolism is depressed during sleep is 
now self-evident: the proportions of thyroidase, which sensi- 
tizes all cells, and of adrenoxidase, which incites and sustains 
metabolism, being reduced, the blood^s energizing properties 
are brought down to the physiological limit which normal sleep 
requires. This entails just sufficient lowering of the blood- 
pressure to reduce the tension in the axons and dendrites of all 
neurons, not only of the cortex, but of the entire nervous sys- 
tem. Indeed, sleep docs not mean repose of the cortex alone, 
but of the whole cerebro-spinal system. Goltz’s dog, for in- 
stance, which lived eighteen months after its cerebrum had 
been removed, slept as do normal animals, even going through 
the preliminary circular movements peculiar to dogs. 

This clearly indicates that the center which causes con- 
striction of the vessels of the pituitary and thyroid lies below 
tile brain, and, in the light of the evidence I have adduced, 
that it is to the neural lobes of the pituitary that we must 
ascribe this function. This organ, we have seen, sends fibers 
to the great-cell nucleus in the third .ventricle, which nucleus, 


” Of. this volume, p. 1125. 



BRiLIN-CELLS DF MiLRMDT. Fm. 1, WHILE 
AWAKE j Fie. WHILE ASLEEP. [QubHou.] 

Shows neuron dilated by adrenoxldase-laden plasma In Fl3i 1 , and 
the same cell depleted of plasma during sleep, In Flgi 2. (Sajous.) 




HYPNOTISM. 


1265 


in turn, sends line fibers — those peculiar to the sympathetic 
system, as previously shown — to the medulla and cord, and to 
the anterior pituitary. Now Cyon found that the constrictor 
fibers distributed to the thyroidal arteries were derived from 
the cervical sympathetic ; while Berkley specifies that the ner- 
vous supply of the anterior lobe is also of sympathetic origin. 
I have already submitted considerable evidence to the effect that 
the sympathetic was the vasoconstrictor of all arterioles. 
We are furnished here not only with additional testimony 
to this effect, but we are brought to realize that it is the sympa- 
thetic center in the posterior pituitary which, by inhibiting the 
circulation of the thyroid and of the anterior pituitary (includ- 
ing its test-organ and the adrenal center with which it is linked), 
causes sleep. 

This evidence sustained by the data previously adduced 
seems to me to warrant the following conclusions: (1) sleep 
is brought on by the sympathetic center; (2) by sending con- 
strictor impulses to the arterioles of the anterior pituitary body 
(including its test-organ, which governs the adrenals) and also 
to the arterioles of the thyroid gland, this center lowers 
the metabolic activity of the body at large; (3) metabolism 
being also lessened in the cardiac and vascular muscular fibbers, 
general vasodilation follows; (4) as this in turn entails aug- 
mentation of the blood circulating in the splanchnic area and 
other deep vessels, a corresponding volume of blood is with- 
drawn from the peripheral organs, including the cerebrospinal 
system. (3) In the brain this lessened metabolic activity and 
diminution of adrenoxidase-laden plasma jointly provoke uncon- 
sciousness by inhibiting the functional activity of the neurons, 
which take part in all psychical processes; (6) in the spinal and 
peripheral nervous systems the same two conditions cause de- 
pression of sensibility, including that of the spinal motor cells 
which convert sensory impulses into motor stimuli. 

Hypnotism. — This condition is generally associated with 
sleep, but in the light of my views — to which only a brief allu- 
sion can be made here — it is a morbid process. Many tlieories 
have been advanced as to its nature; all, naturally, ascribing 
the phenomenon to some functional aberration of the cerebral 
cortex. That this does not account for the hypnotic state is 

2—30 
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indicated by the fact that, as shown by Verworn,’'^ animals 
deprived of their heinisplieres can be liypiiotizcd. Ijaiidois*“ 
also writes: ^^Ileiis (also after removal of the cerebrum) assume 
a rigid position if an object be suddenly placed in front of the 
eye, or a straw l)C j)laced over the beak.” .... This rigidity 
occurs in tlie linnian subject, and may bii brought about in many 
ways which alfc^ct the low(‘r animals similarly. 4'his indieab^s 
that it is u|)on structures below the brain Unit the hypnogenic 
influence is exercised. 

In the first volume-" I referred to tin; ])osterior pituitary 
as the sensonnni cotmnune, and ])ointcd out in the preceding-^ 
chapter, in connection with the meaning of “idiosyncrasy,” that 
the sym])alheiic center stood foremost in tliis conne('tion. (!on- 
sideralde evidence has already shown that this C(‘nter governs 
the caliber of tlu^ aricrioles, and ibat mark(‘d (ionstriction in- 
hibits function by reducing tlie volume of blood distributed to 
the peripheral ca])illaries. We hav(‘ seiai also that their dilation 
rediU'es the blood-supply. Kvi<lence to the idfect that sucdi a 
condition ])revails during hy])notic sle(*p is affordcMl l)y the pal- 
lor of the skin and mucous membranes, and the fact, noted 
plethysmograpbi(‘ally by Walden,-- that the arm and band show 
a marked diminution in volume. 

If we take into account the mechanical means capable of 
iiulucing liypnosis in man and animals; fixing intently a 
bright object, or revolving mirrors held a short distance from 
(be face; a sudden flash, such as that of an electric spark; a 
stern coinniaiid to go to sleep; the noise of a gong, etc., it 
becomes plain that a shock, strain of the ocular muscles entail- 
ing reflex se(piences, etc., underlie the gevnesia of the hypnotic 
state. Its production by pressure upon hysterogenic zones also 
betokens refli*x action through a center capable of influencing 
the vessels of tin? body at large, and, in the light of the fore- 
going evidence, those vessels which influence sleep. This indi- 
cat('s that the most sensitive center of the ])ost(irior pituitary, 
tha Hiimpalhvlic cvniar, is the source of the vasomotor impulses 
through tv hick hypnotism is provol'cd, and that the kindred 

'"Verworn: “Die sogen. Hypnosc der Thiere,” 1898. 

Lnndois: Lov. cit., p. 780, 1905. 

«> Cf. vol. 1. p. 598. 

« Cf. vol. 1. p. 598. 

2* Walden: Amer. Jour, of Physiol., vol. iv, p. 124, 1900. 
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states: somnambulism, Icihanjy and calnlepsy, are due to a 

corresponding process, lil'etrisc under the influence of the syni^ 
pathetic center, 

EXCESS OF ADIIFXOXIDASE IN NERVOUS ELEMENTS 
AS A CAUSE OF PAIN. 

Stewart/'* in a brief revi(*w, writes: ‘"Pain lias been defined 
as Mho prayer of a n(‘rve for pure blood.’ ^I'lic idea is not only 
true as poetry, but, with certain deductions and limitations, 
true as pbysioIo»y. That is to say, pain, as a rule, is a sign 
that something has gone wrong wilb Ihe bodily machinery; 
freedom from pain is the normal state of the healthy body. 
Physiological ly, pain acts as a dang(‘r-signal ; it points out the 
seat of tlie mischitd'.’^ While the lattcT fact is true, and it is 
self-evident also that jinin .is an abnormal ])henonK‘non, the con- 
nection between these* two facts on the one hand, and the asser- 
tion that pain is “the prayer of a n(‘rve for pure blood,^’ is not 
clear. In truth, this conception, as J view it, is a most mis- 
leading one. Kve*!! in disord(*rs such as gout, rheumatism, 
neuralgia, etc., in which the pain might be ascribed to the local 
action of noxious substances, the administration of an anal- 
gesic;. morphine, for example*, will subdue or even entirely re- 
move; the* ])ain. It is e‘vide*ntly not the ])()isori whiedi causes 
siifi'ering, since* Ihe analge'sic certainly eloe‘s neit promote its 
de*strue;tion eir re*moval. The* pain must he subdued through 
some* other me;e'hanism. 

Again, as stale*d hy TTowell,^^ “pain is probably the sense 
that is most Avide*'v distribute*d in the boely. It is pre^semt 
throughout the skin, and under certain conditions may be 
areiused by stimulation eif senseiry nerve*s in the various visceral 
re*gions, and inde*eel in all f)f the membranes of the body. Our 
knowledge of the physiological ])rope*rlies of the end-organs and 
ne*rve*s nu*diating this sense is chiefly limited to the skin, and 
for cutane*ous pain at le*ast, (he evide'nce, as stated above, is 
ve*ry stremgly in favor e)f the view that there exists a special s(‘t 
e)f fibers whie*h have a sp(;e;ific e*ne*rgy for ])ain. All re*cent 
observers agree that the pain sense* has a ])une;tiforrn elistril)ution 
in the skin, the pain-points being t*ve*n more numerous than 

“s Stewart: "Manual of Physiol.,” fourth edition, p. S.'iFi, 1900. 

** Howell: Lov. Ht., p. 202, 1905. 
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the pressure-points.” Briefly, pain is generated by a special 
neural mechanism possessing specific nerve-terminals, and 
occurs when, from some cause, these nerve-endings are stimu- 
lated. These causes, as is well known, are numerous, and when 
pain is due to traumatism, pressure, etc., it is readily accounted 
for by excitation of these sensory endings and the transmis- 
sion of pain-impulses to the central nervous system. 

Here, however, we meet with an obstacle. How and by 
what organ arc pain and its location perceived? Stewart 
states that ^^the precise mechanism of the localization is un- 
known. But,” he adds, ‘^we must suppose that each peripheral 
area is ^represented’ in the brain, so that the afferent impulses 
from it affect particularly the related cerebral area. The brain 
therefore, so to speak, associates excitation of a given cerebral 
area with stimulation of the corresponding peripheral area, and 
thus not only recognizes the quality and quantity of the result- 
ant sensation, but also localizes it.” We have seen, however, 
that this supposition is not based upon a solid foundation. 
Goltz’s dog, for instance,^® which lived eighteen months after 
being deprived of its hemispheres, not only felt pain, but kept 
one of its paws, which had been hurt accidentally, raised from 
the ground until the injury had healed. 

Referring to the same {inirnal, Schiifer-® writes: ^Tt re- 
acted promptly and consequentially to tactile impressions. 
When its skin was pinched it gave vent to its discomfort by 
snarling or barking just as a normal dog might do, and at- 
tempted to get away from the hsmd which was the source of 
discomfort, or, failing to do this, would turn round and bite 
at it, but in a clumsy manner and often without coming near 
it. If its feet were placed in cold water, they were quickly 
withdrawn.” Again: ^‘Thc rabbit, after removal of the hemi- 
spheres, in a few minutes sits up and begins to move about in 
an apparently normal manner. Its reflex excitability is in- 
creased. If the foot is pressed, it will kick and struggle vio- 
lently.” Striking in this connection is the behavior of the 
brainless frog. ^Tf placed in a vessel of water the tempera- 
ture of which is gradually raised,” writes Ferrier,^^ ‘^it will not 

“ Cf. this volume, p. 970. 

» Schafer: “T. B. of Physiol.,” vol. II, p. 702, 1900. 

” Ferrler: “Functions of the Brain,” second edition, p. 109, London, 1886. 
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quietly submit to be boiled like a frog which has only its 
medulla and cord, but will leap out as soon as the bath becomes 
uncomfortably hot.^’ 

These examples show clearly that it is not the brain which 
perceives pain or even its location, since, by limping on three 
legs, Goltz’s brainless dog showed not only that it felt it, but 
that it located it in the raised limb. The location of the per- 
ceptive region is pointed out, moreover, by the behavior of the 
frog. Not any more than the hemispheres can the medulla 
oblongata or spinal cord be said to perceive pain, since the 
presence of these organs will not cause the frog to escape from 
the hot water; it is evidently a region above the medulla and 
below the brain. It is not due to the corpora striata or the optic 
thalami, for Schafer, who quotes Ferrier, states that they ^Vere 
included in the removal.” This brings us once more to the only 
structure to which any such function can be attributed: the 
posterior pituitary. Indeed, in the sixteenth chapter®** I sub- 
mitted the conclusions, sustained by considerable evidence, that 
“the cortex is not the organ through which any of the cutane- 
ous and internal sensations are perceived,” and that “these 
sensations, which include pain, heat, cold, pressure (constitut- 
ing touch), hunger, thirst, and the muscle and spatial senses, 
are perceived by and through the neural or posterior lobe of 
the pituitary.” 

Heturning to the production of pain, wo have seen that, 
aside from the traumatic or mechanical causes, the purity of 
the blood can hardly be granted the dominant position in the 
process that the poetical conception quoted above has earned 
for it. On the other hand, we have ample proof to the effect 
that an excess of. blood in a given region can provoke suffering, 
and that its intensity varies with the degree of local conges- 
tion. Evidence to this effect need not be produced. It becomes 
a question whether all pains other than those due to traumatism 
are not due to local congestion. In neuralgia, for instance, even 
in the anaemic, pathological anatomy points to the presence of 
a neuritis either in the nerve itself or in the ganglion from 
which it originates. In tic douloureux such lesions arc prac- 
tically always found. The fact that, as I have shown, adren- 


Vf. this volume, p. 1007. 
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oxidase circulates in nerves as it does elsewhere, accounts for 
these results. Again, the increase of pulsation in a painful 
area and the relief afforded by elevating the part in which it lies, 
point distinctly to a common cause — a fact further sustained 
by the relief afforded by morphine, whatever be the source of 
suffering. 

The so-called ^Toxic” form of pain might appear to con- 
stitute an exception, but analysis of the (piestion soon shows 
that even here liyperaLMiiia must be taken into account. In auto- 
intoxications of intestinal origin, we often have, as is well 
known, a rise of vascular tension, i.e., a cause of congestion in 
nerves predisposed to neuritis, in aural structures previously 
diseased; in old pleural or peritoneal adhesions. In the pains 
due to mercury, lead, arsenic, alcohol, etc., the influence on 
vascular tension is also marked, some causing them by provoking 
active and others passive hypenernia. Tlie influence of increased 
vascular tension is well shown by the fact that, as shown by 
llichet, the sensibility to pain is reduced in idiots, imbeciles, 
and senile dements, lotcyko-® found the sensibility to heat 
decreased in melancholic women, and the initial sensibility to 
cold markedly increased. All these subjects bear the stigma of 
deficient peripheral circulatory activity. 

Reducing the whole question to its simplest expression, a 
prominent fact asserts itself, viz., that (jiven the prrsmee in 
any area of nerve’CmUngs capable of transwillmg pain impres- 
sions, congestion of that area from whaiever cause, direct or 
indirect, will provoke pain. As viewed from my standpoint, 
these minute sensory elements arc the seat of metabolic pro- 
cesses in which adrenoxidase fulfills the function it docs in all 
other cells: an increase of adrenoxidase here means increased 
metabolic activity Jind, therefore, increased acuity of the pain- 
impulses transmitted to the posterior pituitary. 

THE SYMPATHETIC CENTER AS THE INTERMEDIARY THROUGH 
WHICH ANALGESICS PRODUCE THEIR EFFECTS. 

In the light of the conclusions submitted in the two fore- 
going sections, any drug capable of reducing the blood circu- 
lating in the peripheral tissues, including the central nervous 
system, and of inhibiting metabolism in these tissues, should be 

" loteyko: Jour, de neurol., Oct. 5 to 20, 1905. 
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capable of causing sleep and of arresting pain. Again, inas- 
much as we have seen that it is the sympathetic center which 
governs the caliber of the arterioles, and, therefore, the blood 
supplied to these tissues, drugs capable of causing sleep and of 
subduing pain should do so through the intermediary of this 
center. That such is the case will be illustrated by the action 
of three of our main analgesics — morphine, antipyrin and 
aeetanilid. 

Jloth opium and morphine produce a temporary exhilara- 
tion, visions, etc., by augmenting the propulsive activity of the 
arterioles — a condition supplemented by a direct excitation of 
the vasomotor center and peripheral hypcrteiiiia when large 
doses are taken. Tinder the influence of therapeutic doses this 
is soon succeeded by the typical action of the drug: constriction 
of the arterioles, and diminution of the blood supplied to capil- 
laries and nervous elements in general, including those of the 
brain and spinal system and of any region which may be the 
seat of pain ; this condition being brought about by the stimu- 
lating effect of the drug upon the sympathetic center. Both 
analgesia and sleep are produced by therapeutic doses because 
they influence this center only and the arterioles only, and the 
supply of art(*rial blood to the neurons, capillaries, etc., is 
reduced. 

As produced by opium and morphine, sleep is caused indi- 
rectly, i,e., artificially. We will see in the next chapter, in which 
the drugs that depress the adrenal and other centers arc studied, 
that we have several agents (the bromides, chloral, etc.) whicli 
jirovoke sleep by a process approximating closely that of Nature. 

Antipyrin and aeetanilid arrest pain as does morphine, but 
an important feature deprives these analgesics of soporific 
properties; even in therapeutic doses they stimulate the vaso- 
motor center and thereby keep the neurons of the central ner- 
vous system and the capillaries in general more or less en- 
gorged, thus defeating an essential condition of sleep. This 
blood, when the drug proves toxic either in small or large doses, 
may be detained in the peripheral capillaries through circula- 
tory torpor and, becoming partly v(*nous, cause cyanosis. 
Another feature illustrated by these drugs is that their action is 
prevented by section of the tissues immediately below the pitu- 
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itary body (and, therefore, above the bulb), a procedure involv- 
ing, therefore, division of the sympathetic fibers derived from 
the posterior pituitary. 

OPIUM AND MORPHINE. 

Physiological Action. — A small therapeutic dose of opium 
or morphine excites sufficiently the sympathetic center to cause 
slight contraction of the arterioles — that degree of constriction 
which, we have seen, provokes at each pulsation a reflex dila- 
tion of these vessels.* The alternation and exaggerated constric- 
tion and reflex dilation of the arterioles increases their pro- 
pelling power, and an excess of blood is projected with each 
pulse-wave into all capillaries, including those of the cerebro- 
spinal system.* ircnce,* the f)eriod of mental vigor and excite- 
ment, visions, hallucinations sometimes witnessed, and which 
in subjects habituated to the use of the drug may attain the 
proportion of wild delirium. 

Tn normal individuals, how'ever, the mean caliber of the 
arterioles is, on the whole, reduced by a small dose, and the 
average volume of blood thrust into the capillaries being dimin- 
ished,* a feeling of torpor, general and cerebral, is experienced, 
sometimes accompanied by a semiconscious condition or light 
sleep, a good part of which is taken up by dreams. 

If the dose be large, the general and cercbro-spinal hyper- 
emia* manifests itself in a correspondingly more active way, 
and symptoms of actual cerebral congestion appear: the face 
is reddish or sulfused and may even be cyanosed; the skin is 
warm and dry, the pulse strong and full. 

The influence of opium and its preparations on the vascular sys- 
tem arc generally recognized. Guinard®® studied graphically the changes 
in the blood-pressure provoked by morphine in the higher mammals, the 
horse, ox, goat, sheep, pig and cat, and found that in all those animals 
the pressure was increased when the limits of therapeutic doses were 
not exceeded, and however introduced. The rise was always very 
marked. Gscheidlcn*' also observed primary vasoconstriction; having 
injected morphine in animals, he saw the arterioles of the mesentery 
contract. The primary rise of blood-pressure occurs under these condi- 
tions in the arteries behind the arterioles, owing to the obstruction which 
the latter present to the blood-stream. The venous engorgement which 
this should entail is likewise present. Picard** observed, after he had 

• Author's conclusion. 

'^'oOuinard: C. r. de la Soc. de biol.. 10 sdrle, vol. 11, pp. 551, 572, 1895. 

Si OBcheldlen ; Untersuch. aus dem physiol. Lab. zu WUrzburg. 2ter Thell. 
1869. 

» Picard: C. r. de I’Acad. dos Sci., May 6, 1878. 
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injected from 0.06 to 0.08 gms. (1 grain to IV, grains) in a dog and 
opened a vein in an exposed submaxillary gland, that the blood-llow was 
increased, notwithstanding division of the chorda tympani. This shows 
that the gland’s secretory nerve, which normally causes the increased 
blood-flow when stimulated, played no part in the production of this 
plienomenon under the influence of morphine, and that it was due to the 
general vasoconstriction which this drug provoked. Cushny'” states that 
the **blood-presBure remains high” under the influence of morphine. 

The influence of partial contraction of the arterioles may be illus- 
trated b^ the action of morphine U{)on certain animals. We have seen 
that Guinard observed powerful vasoconstriction in the horse, ox, goat, 
sheep, pig and cat. in all these animals morphine causes excitement, 
but not narcosis. In the dog, rabbit, guinea-pig, white rat and mouse, 
on the other hand, he also observed general vasoconstriction, but with 
narcosis. Yet, this docs not mean that the horse cannot be made to 
sleep by morphine: Harley,®^ for instance, found that large doses, 12 
grains (0.8 gm.), produced very great excitement in this animal, not 
only cerebral, but general, as indicated by frothing at the mouth, mus- 
cular tremors, great restlessness,* etc. In another experiment he gave 
a horse 86 grains (2.4 gms.) of morphine acetate. This powerful dose 
caused the animal to sleej) three hours, but on awakening he passed 
through the stage of excitement, and this contiinied sonu* seven hours. 
Again, in the mouse, which is readily put to sleep by adequate doses, 
Hurley caused tonic spasm of the trunk, abnormal sensitiveness to 
sounds, etc., without narcosis by giving small doses. This clearly shows 
that the caliber of the vessel determines the character of the cerebral 
phenomena provoked, t.c., excitement when an inordinate quantity of 
blood is admitted to the cellular elements; sleep when a smaller quan- 
tity than usual reaches them, owing to marked constriction of the 
arterioles. Manquat®® deems it remarkable that the more intellectual 
Kuropcans should sliow more particularly the narcotic effects of the 
drug, while others, the IMalays for instance, are rendered wildly delirious 
by it. This assumes a normal aspect when the sympathetic ecuiter is 
rcgiirded as the int(M*niediary of the drug’s action — that of the Kiiropean 
being more sensitive, the arterioles are sufTiciently eonstricteil to induce 
sleep; in the less sensitive races, they remain sufli(dently ])at(ait to 
admit an unusual amount of blood in the brain, i.e., to induce excite- 
ment. 

Action as Analgesic. — ^Opiuiii and niorfdnne rcMlncn or 
arrest pain when the arterioles are snfTieiontly eonstrieted nndor 
its influence to diminish the volume of l)lood supplied to the 
painful area.* The sensory end-organs of this area, previously 
overstimulated through Iqcal hyperaernia, are thus freed of the 
excess of blood to which the pain is due.* This process is fur- 
ther enhanced by the fact that the constriction of the arterioles 
tends to produce capillary stasis; the blood being reduced by 
the tissues as usual, it tends to become venous, and thus to 
reduce sensibility in the sensory terminals it supplies.* 


* Author* 8 conclusion. 

“Ciishny: Loc. cit., fourth edition, p. 213, lft06. 

“Harley: Cited by Wood: httc. cit.^ eleventh edition, p. 124, 1890. 
“ Manquat: Loc. cit., vol. 11, p. 437, 190.3. 
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The general conairiction of the arterioles, by slowing the circula- 
tion and diminishing the voliiine of blood supplicid to all tissues, must 
necessarily lower the rate of metabolism. E. T. Keichert*® found in 
twelve experiments in dogs that general metabolism, as determined by 
heat-production, fulls on an average 26 per cent, bidow the normal dur- 
ing the first hour, 62 per cent, during the second hour, and 40 per cent, 
during tne third hour, with an average temperature fall in the rectum 
of 1.76° C. (3.17° F. ). This harmonizes with the observation of Boeck 
and Bauer” and Chittenden and Cummins,'’'' that the elimination of car- 
bon dioxide is reduced during the narcotism induced by the drug. 
Cuinard ascertained that both the intake of oxygen and the output of 
carbon dioxide were reduced. W(M)d and Cerna®" also found experiment- 
ally, as did Cuinard, that morphine acted as a depressr«nt of the respira- 
tion. ITeger,®® moreover, showed that the slowing of the respiration 
caused by the drug was closely related with the diminution in the 
respiratory exchange, the animal consuming less oxygen and producing 
much less carlM)n dioxide than normally. 

That reduction of the blood supplied to the skin, and other struc- 
tures containing end-organs, should, under these con(litions (especially 
in view of the capillary stasis which it entails), diminish their relative 
sensibility is self-evident. Moreover, ex peri men till testimony points in 
the same direction. Cuslmy,'*^ for instance, referring to several observers 
who have studied the relative sensibility of the skin by measuring the 
smallest distance at which two points could be distinctly recognize<l, 
states that “in every case it was found that the ability to do this was 
lessened by morphine.” The analgesia produced is not due to a direct 
action of the drug upon the sensory orgjins themselves, for Cscheidleu 
found that when applied locally to a sensory nerve during strychnine- 
poisoning, morphine increased its excitability and prolonged it. Man- 
(piat^® stat(!s that while “the contact of morphine irritates mucous mem- 
branes and akin deprived of its epidermis, causing an unpleasant prick- 
ing sensation, this is soon replaced by lowering of the sensibility.” This 
represents about the only tangible fact in favor of the prevailing view 
that morphine produces analgesia and sleep by acting directly upon tho 
cerebral and other nervous elements after stimulating them. But we 
cannot logically compare the local cfTects of a solution of morphine of 
1 to 460,000 — such as a Vi gJ’ain (0.016 gm. ) dose makes with the thir- 
teen pounds of blood in the body — with tliose of the alkaloid itself 
applied to mucous menibranes <ir to denuded tissues. Even here, proof 
of the falhudousness of the present conception asserts itself. Morphine 
is a reducing agent, and, as shown by Landsberg and Marinr», it is con- 
verted in the tissues into oxydimorphine. Tt is, therefore, be(^ause it 
deprives the tissues to which it is directly applied of their oxygen that 
it obtunds sensibility. Tt does so, in other words, merely by inhibiting 
metabolism in those tissues precisely as would any other equally active 
reducing agent, and not on morphine. But this proves also that dimin- 
ished tissue-oxidation is the underlying cause of analgesia, and mor- 
phine, by so stimulating the sympathetic center as to reduce tlie blood- 
supply in a congested and therefore overstimulated structure, does noth- 
ing else. 


»• E. T. Reichert: Phila. Med. Jour., Mar. 9, 1901. 

” Boeck and Bauer: Zelt. f. Biol.. Bd. x, S. .^39, 1874. 

^Chittenden and Cummins: Studies from the Lab. of Physiol. Chem. of 
Yale Univ., vol. 11, p. 200, 1887. 

iw Wood and Coma: Jour, of Physiol., vol. xlil, p. 870, 1892. 

ITeger: Bull, dc TAcad. de mod. de Belg., 4 s6rle, T. xlv, p. 137, 1900. 
Cushny: Lor. cit., fourth edition, p. 211, 1906. 
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Action as Hypnotic. — Sleep is also induced by morphine 
because it provokes general constriction of the arterioles.* By 
thus reducing the blood supply to the brain and spinal cord, it 
lowers their functional activity, as it does that of other organs.* 
Morphine thus incites artificially a condition very similar to nor- 
mal sleep, since the latter is likewise due to diminished irri- 
tability of the eerebro-spinal system.* Morphine sleep differs 
from normal sleep only in that the irritability of the nerve- 
cells is reduced by a diminution of the volume of blood, and, 
therefore, of adrenoxidasc supplied to them, while in normal 
sleep the blood’s oxygenizing properties arc reduced through a 
diminution of the proportion of adrenoxidasc in the blood, the 
result in turn of a physiological depression of the adrenal 
center.* 

Tlisit the sleep indiK^ed by morphine is due to diminution of the 
blood eiiTuIating in the bruin has been determined experimentally. Thus 
Kauirmann^® observed “slowing of the capillary circulation with stasis,” 
while SUiberbach^ found that there was “diminution of the blood flowing 
to the brain” — a normal eonse(pience of contracted terminal arterioles. 
This evidently applies to the entire circulation, for Guinurd also found 
a diminution in the speed of the carotid current, which, by diminishing 
the blood supplied to various orgiins, checks the various secretions of 
the body, i.e., mhihits their functions. Both Nothnagel** and Isaac Ott*“ 
found that opium cheeked peristalsis in animals as it is known to do in 
man. On the whole, the changes of vascular caliber which endow mor- 
])hine with its analgesic properties are also those which render it a 
soporifle. The only tliflerencse between the two phenomena is that a 
hirgiir dose, is required to cause sleep hrmtlcs analgesia, than it does to 
obtain analgesia alone. Thus, as stated by Cusliny,” “in man, it is 
often found that comparatively small quantities are suflicient to deaden 
or even entirely remove the pain of disease without rendering the patient 
unconscious.” This is simply because pain is caused by so slight an 
exacerbation of local inetalM)lic activity that a slight vaisoeonstriction 
will (!ounteract it, while the production of sleep requires a gr€*ater de- 
gree of vasoconstriction to induce the state of “diminished irritability of 
the nervous systcmi” which, according to Tjandois,'*’* exists during sleep. 

Tlio after-effects of morpliiue arc due to a depression of 
the sympathetic center which lasts in proportion as the recuper- 
ative power of tlie center is marked.* Usually this is sufficiently 
great to prevent appreciable untoward effects after small doses; 
otherwise, even these may cause; lassitude, owing to the loss 
of tone of the arterioles in the skeletal muscles; nausea or vorn- 
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iting, because of a similar condition in the gastric mucous mem- 
brane and muscles; and headache, owing to cerebral hyper- 
aimia.* 

In neurasthenic individuals, especially women, the morbid 
cfTects of this secondary vasodilation may assume alarming pro- 
portions. The lassitude lapses into prostration with a low peri- 
pheral temperature, due to depletion of the cutaneous capil- 
laries.* Vertigo and fainting replace the headache when this 
occurs, both, due to inadequate supply of blood to the brain.* 
Nausea and vomiting are usually very marked in these cases, 
the effusion of blood-fluids into the stomach, and the dilation 
of this viscus because of the relaxation of its muscles, being cor- 
respondingly great. The heart’s action is also morbidly influ- 
enced by the relaxation of its nutrient arterioles* and its action 
becomes feeble. As a result of this cardiac adynamia, the blood 
is not propelled with adequate vigor into the lungs, causing 
dyspnooa, nor into the vascular system. A vicious circle is thus 
established* which may culminate in syncope Jind death. 

The explanations given in the text are self-evident. The corre- 
sponding effects in animals are very marked. Wood*® states that “after 
awaking, the dog shows unmistakable signs of nervous and psychical 
depression. In walking, the hind legs are dragged, as though semi- 
paralyzed; the eyes are haggard; the naturally brave animal cowers 
in a corner or seeks to hide himself, no longer recognizing his master. 
After smaller doses, the effects are pro|)ortioiially less intense. It has 
been shown by Harley,” says the same author, “that in some dogs, prc: 
cisely as in some people, morphine fails to exert its usual hypnotic 
action, but produces great depression, as evinced by faintness, prolonged 
nausea and retching, interrupted only by intervals of dreamy, delirious 
somnolency.” 

Morphinism. — In this condition the morbid phenomena 
witnessed are due to a condition differing from the foregoing 
only in that the sympathetic center, overtaxed by the continu- 
ous use of the drug, finally becomes unable to preserve the tone 
of the arterioles throughout the organism, unless stimulated 
by steadily increasing doses.* This entails the development of 
morphinomania, since the craving for the drug is prompted by 
the pleasurable sensation that relief of the suffering provoked by 
general vasodilation procures. 

The symptoms betray plainly the loss of vascular tone:* 
weak and sometimes irregular pulse and heart-beat; light sleep, 
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disturbed by unpleasant dreams or distressing insomnia, both due 
to passive hyperaemia of the cerebral capillaries and cells; hallu- 
cinations, day-dreams, and occasionally delirium, due to the same 
cause; sensory disorders, hypcraesthesia, formication, etc., due 
to fluctuations of vascular tension; ansesthcsia when, on the 
other hand, the central trunks arc widely dilated at the expense 
of the peripheral vessels and, therefore, of those which supply 
the cutaneous sensory endings; diminution of the reflexes and 
disorders of locomotion from the sjime cause; atonic dyspepsia, 
nausea, vomiting, diarrhcea — all due to dilation of the gastro- 
intestinal vessels, and the resulting relaxation of muscles and 
mucosa. 

Complications incident upon the loss of vascular tone soon 
appear.* Pustular and urticarial eruptions betoken the inade- 
quate conversion of toxic wastes,* both in the liver and the 
blood — a morbid factor for which simple vasodilation does not 
account. The- lowered oxygenation of the peripheral tissues may 
also give rise to abscesses, gangrene, progressive emaciation, and 
muscular atrophy and loss of sexual powers. As the case pro- 
gresses, the circulation in both lobes of the pituitary body also 
becomes inadequate* and general collapse occurs. The test- 
organ and adrenal center arc the first to feel the effects of this 
condition, owing to the great vascularity of the anterior lobe; 
as this organ constitutes, with the adrenals, the thermogenic 
mechanism, inhibition of its functions entails a corresponding 
decline of oxygenation and metabolism throughout the entire 
organism,* a condition soon followed by dissolution. 

The funiiliar clinical facts recited, the exaltation produced by the 
drug followed by marked depression, asserts itself also experimentally. 
Thus Kraepelin,"* in a study of the action of morphine upon the brain, 
found that it caused first marked excitation of the sensory functions and 
a subsequent marked and rapid depression of the same. He noted, more- 
over, that it produced a decided and persistent paralysis of the motor 
functions. The great depression of the adrenal system, which may occur 
at any time, is shown by the fact that bronzing is sometimes witnessed. 
Thus, in a case successfully treated by Sollier,"^ the skin of the entire 
body had acquired the Addisonian hue. That the adrenal center — the 
thermogenic center, in the light of my views — is depressed, is indicated 
not only by the marked fall of temperature, but also by the experiments 
of Reichert,®* which showed that the hypothermia caused by a toxic dose 
of morpliine was due to “depression of the thermogenic centers in the 
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caudate nucleus” and to the resulting hcat-production. Confirmatory 
also in this connection is the fact that the drugs which have been found 
most beneficial in morphinism are those which improve the vascular 
tone or which stimulate the adrenal center. Norman Kerr,"® for example, 
recommends digitalis and strophanthus, which combine both properties. 
Hunter Wells, “ in fact, found adrenalin strikingly effective in the treat- 
ment of a large number of cases in Korea. 

Acute Poisoning.— All the phenomena enumerated in the 
foregoing pages occur in more or less rapid succession when a 
large dose of morphine is taken. The sympathetic center bears 
the brunt of tlie action of the poison, but tlie vasomotor center 
is also excited at first, so that a largo (luantity of blood is forced 
into the capillaries.* So marked is the general vasoconstric- 
tion — both arteries and arterioles — in the first stage, that all the 
bl(X)d is practicjilly transferred to the capillaries and veins.* 
The circulation being thus greatly hampered and slowed, the 
arterial blood is rapidly reduced, deprived of its oxygen, by 
the surrounding tissues, and becomes dark and even absolutely 
venous in the capillaries.* ITence* the suffused, bloated and 
deeply cyanosed face and the labored and sometimes stertorous 
respiration, the contracted pupil, and the slow and forcible 
action of the heart, mainly due to the marked resistance of the 
blood-column. 

The sleep of a toxic dose of opium or morphine diffc'rs from 
that produced by a therapeutic dose of these agents in that it is 
stuporous, and due to the venous condition of the l)lood circulat- 
ing in the cerebro-spinal system.* It occurs soon after the 
ingestion of the poison, and deepens to a condition from which 
the patient can only be roused with the greatest difficulty. 

The relative arterial constriction is so groat that the accumula- 
tion of blood in the veins can sometimes be discerned after death. Thus 
J.. Kwing“ found in a case of acute poisoning that “there was extreme 
Gedema of the lungs, and marked venous congestion of all viscera.” The 
(edema further indicates the extreme tension to which the vessels sub- 
mitted — serum having been <»vidently forccul through (?apillary walls. 
Both Kauffmann and (luinard found, we have seen, that the blood-stream 
was slowed, owing to this vasoconstriction. 

The case may, under appropriate treatment, recede at this 
stage, the morbid phenomena disappearing gradually, or it may 
proceed on its lethal course to the stage of collapse. 

Collapse is due here to a combination of two factors: the 
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extreme general vasoconstriction, due to direct irritation of the 
vasomotor center, and, as a result of the interference with the 
circulation, a venous condition of the blood.* This venous 
blood is the cause of the lethal trend, however, since the lack 
of oxygen first depresses, then paralyzes, the test-organ, the 
adrenal center, and tlie adrenals themselves.* The adrenal cen- 
ter being both the nispiratory and thermogenic center,* death 
is caused by respiratory failure. 

The 83^mptoms observed are (juitc in keeping with this 
morbid process: the respirations grow steadily weaker, slower, 
shallower, and more distant. The skin, being supplied with 
blood deficient in oxyhamioglobin, is at once pale and cyanotic. 
The heart and pulse become gradually weaker, smaller, and 
irregular, until, shortly after cessation of respiration, they can 
no longer be discerned. 

Doit and Stockmann'*® found that after large doses morphine low- 
ered the vascular pressure, owing, they thouglit, to “depression of the 
respiratory center.” Ileichert*^ also published records which show that 
‘'morphine is not only a powerful thermodepressant, but that it has 
also, coupled with this action, one of some potency of the opposite char- 
acter, as is indicated by the fact that the profound rapid fall of tem- 
perature may be preceded by a rise, or may be checkc*d by a secondary 
rise, or both.” The interpretation I submit in the generat text accounts 
for these antagonistic phenomena: the rise of temperature occurs when 
the adrenal system has the upper hand; and the fall when the venous 
blood is depressing its action. Now, Ueichert®* pointed out a very 
important fact in this connection, viz., that cocaine antagonized mor- 
phine-poisoning, and clinical observations have sustained his conclusion. 
On the other hand, I have called attention, in the article on cocaine, to 
the fact that this alkaloid exceeded others greatly in power as a stim- 
ulant of the test-organ and adrenal center. The value of cocaine as a 
direct antagonist of morphine is thin accounted for: by powerfully 
exciting the adrenal center it sustains its functions notwithstanding the 
venous condition of the blood, and, by thus enforcing a rapid production 
of adrenal secretion, increases in proportion the volume of adrenoxidase 
in the blood. This affords the precise weapon needed to save the 
patient’s life, since by endowing his blood with oxygenizing properties, 
its venous quality, the deadly feature of the procc.ss, is simultaneously 
eliminated. 

The treatment of opium and morphine poisoning is de- 
scribed in a special section at the end of this volume. 

Therapeutics. — Opium and morphine have not been super- 
seded by any of the more modern agents for the relief of pain. 
This cannot be said of their use in insomnia, for we have better 
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hypnotics, though none can replace morphine when pain and 
insomnia are present simultaneously. The manner in which 
opium and morphine produce both these effects (according to 
my interpretation) suggests, however, a number of contraindi- 
cations: in disorders of the brain, cerebral congestion, menin- 
gitis, mental excitement, delirium, etc., the use of large doses of 
morphine, by causing cerebral hypersemia, tends to aggravate 
the symptoms. Morphine is sometimes used in tetanus, epi- 
lepsy, eclampsia, etc., but the convulsions being due to an ac- 
cumulation of toxic wastes, the slowing of the capillary cir- 
culation and Ihe venous condition of the blood tend to inhibit 
catabolism and thus to increase the proportion of these wastes,* 
the result being, in the end, an augmentation of the spasms. 
1'heir use in fev(?rs is open to the same objection, since the 
febrile process is a protective one, carried out by an excess 
of auto-antitoxin in the blood.* To prevent the access of this 
blood to the capillaries of the liver and skin, where the patho- 
genic organisms and toxins arc mainly destroyed, by provoking 
constriction of the arterioles is to defeat Nature’s protective 
efforts. In intestinal disorders, the same protective function is 
carried out in a different way, i,e,, by the copious secretion of tbc 
constitutents of auto-antitoxin into the intestinal fluids, peri- 
stalsis being likewise enhanced to insure elimination of the 
offending materials.* Opium and morphine, by causing undue 
constriction of the intestinal arterioles, arrest both the anti- 
toxic flushing and peristalsis.* 1'his applies as well to the 
copious expectoration which serves to eliminate pathogenic 
materials and detritus from the respiratory tract. All these 
contraindications arc sustained by clinical observation. I^o 
this may be added the marked susceptibility of very young child- 
ren, of debilitated individuals of all kinds to its effects, and 
the danger of morphinism — which precludes its prolonged use. 

There are many conditions, however, in which its value is 
firmly established. After the vomiting and purging of 
cholera morbus have insured elimination of the toxic materials, 
morphine checks the severe abdominal pain by causing constric- 
tion of the intestinal arterioles, thus inhibiting the excessive 
peristaltic action and the intestinal flux.* A similar action on 
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the intestines promptly relieves the marked suffering of lead 
colic. In hcemorrhage, and especially the intestinal haemorrhage 
due to intestinal perforation, morphine j)romptly stops the 
blood-flow by the same process,* since it is through the arte- 
rioles that the bleeding area is supplied with blood. By inhibit- 
ing the peristaltic movements, moreover, it tends materially to 
prevent recurrence. In asthma of nervous origin, in which the 
face is pale — a condition due to a marked lowering of the blood- 
pressure — morphine will often arrest a paroxysm by causing 
a rise of the latter and thus increasing the volume of blood 
exposed to the air in the pulmonary alveoli.* In diabetes, mor- 
phine proves useful by depressing the excessive functional 
activity of tile adrenal center, tliiis reducing the proportion of 
adrenal secretion, ix., of adrenoxidase, in the blood, a frequent 
cause of this disease. 

DRUGS WHICH RKSEMBLK MORPHINE IN* THEIR 
PHYSIOIJXHCAL ACTION. 

Codeine differs from morphine only in that it is consid- 
erably less active and, therefore, less poisonous. Such ])eing the 
case, the stage of stimulation is more marked, and the propul- 
sive activity of the arterioles is kept up much longer than under 
morphine,* the constriction of the arterioles, which endows the 
latter with its analgesic and hypnotic properties, coming on much 
later.* Hence the value of codeine in irriiaiive. coughs, mild 
bronchitis, etc., since by increasing the supply of blood to the 
bronchi, it enhances (when given in small doses) the activity of 
the local curative process. In large doses, its action resembles 
that of morphine, but it does not as actively excite the sympa- 
thetic center. All the properties due to abnormal constriction 
of the arterioles* are therefore less evident: the sleep pro- 
duced is light and not restful ; the effect on pain is also slight 
and fugacious; it does not inhibit peristalsis materially, nor 
cause constipation as readily as docs morphine. For reasons 
submitted under "Tuberculosis” I do not advocate the use of 
opiates in the treatment of cough. 

Heroin acts much as does codeine, and its value in irritative 
coughs is also due to the fact that it increases the propulsive 
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activity of the arterioles and thus increases the volume of arte- 
rial blood circulating in the bronchial capillaries in a given 
time.* 

Salicylic Acid; the Salicylates . — These agents act much as 
do opium and morphine, but their action u})on the sympathetic 
center is loss violent.* In small therapeutic doses they cause 
hypcrconstriction of the artcriole.s and arrest pain by reduc- 
ing the voliime of bl(K)d supplied to all tissues, including the 
painful area.* Simultaneously, and unlike the coal-tar products, 
they stimulate actively tin* test-organ, and through it the adrenal 
mechanism, thus augmenting the blood’s asset in auto-anti- 
toxin.* Hence the fact that, besides acting as analgesics in 
rheumatism and yout, they prove curative, since they not only 
decrease the volume of blood circulating in the nerves of the 
painful regions,* but they also promote catabolism and the de- 
struction of the pathogenic elements. 

In large doses, salicylic acid and the salicylates increase 
the propulsive activity of the arterioles, and thus cause suffi- 
cient hyperamiia of the central nervous system* to evoke symp- 
toms similar to those of cinchonism, tinnitus, headache, etc., 
and even hallucinations and delirium. Such doses are always 
dangerous, sincie at any moment they may cause such a marked 
reduction of the mean caliber of all arterioles that the cardiac 
muscle is inadequately .supplied with blood, and thus rendered 
unable to carry on its functions. 

ANTIPYRTN. 

Physiological Action. — In some cases any dose of anti- 
pyrin, small or large, causes cutaneous hyperiemia. The skin 
becomes flushed, unusually warm and hypcracsthetic, and the 
flow of urine is increased and the refle^xes are overactive. This 
is due to a temporary excitation by the drug of the vasomotor 
center.* All the arteries of the body being thus caused to con- 
tract, an unusual volume of arterial blood is driven into the 
arterioles and capillaries, including those of the skin.* 

In the average case, however, this preliminary stage is of 
too short duration to be noticed.* N’evertlieless, the cutaneous 
engorgement occurs, and may be marked even under the influ- 
ence of small doses. 
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Familiar symptoms point clearly to engorgement of the peripheral 
capillaries. Thus, H. Blakeney’" observed a ease in which there ap- 
peared, when 10 grains (0.04 gin.) had been ‘^scarcely swallowed,” a 
burning sensation in the mouth and throat and “extraordinarily rapid 
swelling” of the lips and cheeks, which quickly spread. Cerna and Chir- 
ter"” found that both small and large doses raised tin* arterial pressure. 
Casimir"'- also noted that the arterial pressure caused by this drug was 
accompanied by contraction of the internal vessels, including those of 
the kidney. The presence of excessive cutaneous hyperamiia is also 
shown by the marked exaltation of rellex. sensibility observed, after the 
injection of moderate doses, by Bluinenau,‘“ Arduin, Demme, Simon and 
Hoch,” and other investigators. Tactile sensibility was raised to such 
a degree in Blumenau’s animals (cat and frog) that the least touch or 
noise caused general convulsions. Shoemaker'" also states that in ani- 
mals “it oecjisions epileptiform and tetanic convulsions.” 

IIalliday'“ found that such slight stiniubition as blowing the breath 
gently on the surface of the animars l>ody greatly intensified its reflex 
movements and caused convulsions. Sinlzilovski'*'’ noted increased urina- 
tion in frogs, rabbitif and <logs. 

All these plicnoniena are evidently of iutvous origin, for, while 
Bouchard®’ observed that moderate doses of antipyrin caused muscular 
rigidity, Blumenau found that division of the sciatic and crural nerves 
caused the muscles supplied by these nerves to jireserve their normal 
state when antipyrin was given while all others were rigid. 

“Notwithstanding the elevation of the blood-pressure,” writes Man- 
(|uat,"“ “vasodilation is observcnl even after small doses.” Peripheral 
vasodilation after small doses was noted by Coppola,'® Qiicrrolo,’® 
Maragliano’*^ and others. This vasodilation can be seen in the ear of 
rabbits, according to Casimir,'’^* while Maragliano and Querrolo found 
plethysinographically that the immersed arm was increased in size by 
antipyrin, showing that its peripheral vessels were dilated. PisemskP 
noted at the autopsy of dogs [)oisoncd by daily dos(*s of 15 to 45 grains 
( 1 to 3 gm.) “intense engorgement of the brain and meninges with a 
serous exudate into tin* <!erebral ventricles.” 

The ('fFects of this liyponiMiiia arc soon inaskcMl, however, 
by those of the eliaraeteristic action of the drug, viz., excita- 
tion of the sympathetic center.* As a result, the sympathetic 
vasoconstrictors distributed to the arterioles cause abnormal 
constriction of th(*se vessels, ard the l)lood supplied by them 
to the capillaries is diminished in proportion.* 

We have s(?en that Cyon and \Iasay causcjl general vasoconstric- 
tion by stimulating directly the pituitary body an(l that the investiga- 
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tiona of Ramon y Cajal, Aiidriezcn, Gentfis and others have shown that 
the pituitary body was connected with the central gray substance of 
the base of the brain and tlie bulb by nerve paths. The latter include, 
ns previously shown, numerous sympathetic libers. Now, when these 
are severed between the pituitary body and the bulb, that is to say, 
above the latter, antipyrin and other antipyretics arc no longer active, 
'I'his important fact was established by Sawadowski,^* though he was 
unaware of the functions of the pituitary body. He transected the basal 
ganglia, ^‘the cut being made through the thalami optici or the posterior 
surface of the corpora striata.” We have seen that the sympathetic 
libers from the pituitary cross the surface of the optic thalami ; traliscc- 
tion of tlie latter, therefore, or behind the corpora striata, inevitably 
severed these fibers, preventing thereby the general vasoconstriction. 
While emphasizing the fact that the action of antipyrin was central, he 
states that in thirty-eight more or less successful' experiments “neither 
the injection of putrid substances, nor of antipyrin into a vein were 
able to induce any change in iiie temperature course.” In other words, 
the putrid substance could no longer raise the temperature as it did in 
normal animals, while antipyrin could no longer nfise and subsequently 
lower it, as it does in norirlal and febrile animals in which the nerve- 
paths of the base of the brain arc normal. 

Sawadowski refers to the possibility of an action of antipyrin 
“through the agency of tlie vasomotor system or by diminution of heat 
production,” but he states that “this cannot be determined.” He refers 
to his investigations as having established “that diminution of the 
internal temjierature went hand in hand with increase in the skin tem- 
perature in consequence of dilatation of the vessels of the skin, which 
fact had already been indicated by Maragliano and his school.” This 
obviously harmonizes with the conclusion to the same effect I have sub- 
mitted in the foregtiing paragraphs. 

Action as Antipyretic. — It is by producing excessive 
constriction of tlic arterioles that it provok(.*s through the sym- 
pathetic center, that antipyrin reduces the peripheral tempera- 
ture.* The caliber of the arterioles being materially reduced, 
the circulation of the blood in the capillaries is correspondingly 
slowed, and, being exposed unusually long to the reducing action 
of the tissues, it becomes more or less venous soon after pene- 
trating the capillaries.* The surface temperature is lowered 
in proportion. This action is enhanced by a similar constric- 
tion of the arterioles of the anterior pituitary.* The circula- 
tion in the organ being reduced, the functions of the adrenal 
center, and therefore of the adrenals likewise, arc depressed 
and less adrenoxidase is formed.* Blood poor in oxygen now 
constituting the torpid streams circulating in the capillaries, 
and being reduced as usual by the tissues, it becomes venous 
unusually soon.* ^riiis is so marked in some cases, that cyanosis 
is produced. Sweating, due to relaxation of the sweat-glands 
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similar to that observed in moribunds,* depression, cooling of 
the surface, shivering, and lowering of the periphorarteinpcra- 
tiire in febrile subjects, all occur us a result of this morbid 
process.* 

Many well-known clinicians, including' Robin, have protested 
against the use of antipyrin to reduce fever. Bardet,'^" over ten years 
ago, referring to this drug, laid stress on the faict that “it is always 
dangerous for the organism to interfere with oxidation processes.” 
Martinet,’® in a more recent research, found that antipyriii interfered 
with nutrition and oxidation. Robin” has likewise shown that anti- 
pyrin reduces oxidation and that large doses of the drug reduce tho 
elimination of urea 21 to 33 per cent. Wood’® states that the original 
studies of Umbach,’® “who found that large doses of anti pyrin very 
markedly decrease the elimination of urea,” liave been “abundantly con- 
firmed,” and refers to the investigations of Wiezowski, W'alter, Muller, 
Robin, Jacubovitsch and Tausk. Along with Wood, Reichert and Hare,®** 
he had experimentally ascertained — a fact subH(‘quently confirmed by 
Destrf'e,"’- Cerna and Carter®^ and others — that in febrile animals anti- 
pyrin markedly decreased the hcat-produc*tiOn. 

The cyanosis occasionally witnessed is at times very marked. In 
an instance reported by McCaiilly Hayes,"® for example, the patient’s 
face, within a quarter of an hour after taking 10 grains (0.(54 gm.) “was 
cyanosed, his nose sw^ollcn and blue, and Ids eyes almost closed from 
sw^elling of the eyelids,” the skin being “rofd and clammy.” In a ease 
observed by K. Webster,*^ the “lips and gtmeral aspect were decidedly 
cyanotic,” though the mixture administered had only contained 5 grains. 
The face w’as swollen, especially about the eyes — “so much so as to pre- 
vent any possibility of opening them.” The temperature in the axilla 
was only 97® F. (30.1° C. ). 

Cyanosis has b(*en ascribed to a transformation of oxyhn*moglobin 
into methffimoglobin by i^Cqune®® and IRuiocque."® Yet, Vierordt®’ thirty 
years ago, found that rubber rings left from 40 seconds to 5 minutes at 
the base of phalanges, caused the tw'o spectroscopical bands of oxyhajiiio- 
globin of the blood in the latter to be replaceil by a single band indica- 
tive of rcduffcd liasmoglobin as it occurs in v(*nc)us blood. Halliday"® also 
examined spectroscopically blood taken from the cyanosed lips of frogs 
and rabbits, Imth before and after death from antipyrin poisoning, and 
found that “the spectrum of mcth:enioglobin was certainly not present.” 
Others have recorded similar observations. Cyanosis here*, therefore, is 
evidently not due to methsciiioglobin, but to the familiar cause of this 
phenomenon, /.e., the accumulation in the blood of the capillaries of car- 
bon dioxide.* 

Action as an Analoesic. — A ntipyrin relieves pain by 
reducing directly the sensitiveii(?ss of the peripheral sense- 
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organs.* The process is identical to that provoked by the drug 
in the reduction of fever.* Small doses suffice to irritate the 
sympathetic center adequately for tliis j)urpose, and the result- 
ing constriction of the arterioles reduces the quantity of blood 
supplied to all peripheral organs. Pain being due to an excess 
of arterial blood in sensory nerves or their endings, it is not 
only relieved from this cause, but also by the fact that what 
blood is supplied to the sensory elements is poor in oxygen.* 

The investigiitiona of Coppola, Querrolo and Maragliano'*® have 
sliown tliat altlioiigli the pressure is raised, peripheral vasodilation is 
observed (iven after small doses. This shows that small doses can evoke 
the typical elfects of the <lrug. Simon and lloch““ found, moreover, that 
even in the earlier stages of the convulsive period, operations could be 
performed upon animals without an®sthetic. The general aniesthesia 
caused by the drug here is but an exaggerated expression of its effect 
as an analgesic; the interepithelial nerve-endings are in both eases sup- 
plied inadequately w'ith blood, which blood in turn be(;omes venous 
unduly early, 'riie effects of interferenee with the caj)illary circulation 
also assert themselves in the central nervous system, and in the nerves, 
hence the beneficial effect of anti pyrin in the neuralgic pains of loco- 
motor ataxia. Again, while, as emphasized by Halliday,®^ one large dose 
may exalt the spinal reflexes, this may be avoided by administering the 
drug in increasing doses. The functional exaltation, therefore, is but an 
ephemeral phenomenon, as I have previously stated. 

Pain is now ascribed by physiologists to a common factor. “The 
cause of pain is always an irritation of the sensory nerves exceeding 
the normal,” says Landois,’’’- in his recently published text-book. “All 
kinds of irritation : mechanical, thermal, chemical, elcctric^al and somatic 
(inflammatory processes, disturbaiices of nutrition and the like) may 
excite pain.” It is by indirectly reducing the volume and vitalizing 
activity of the blood of the irritated area, therefore, that antipyrin 
reduces, arrests or ])rev(Mits pain.* 

Untoward Effects and Poisoning. — Tlio susceptibility to the 
cffc(?ts of anti|)yrin varies greatly in dilTerent individuals. 
Wliihj large doses may be taken without appreciable untoward 
effects by some, others show evidence of intoxication after tak- 
ing very small (|uaiitities. Again, moderate doses may be taken 
safely a considerable time, and a small dose suddenly prove 
toxic. This is due to a corresponding sensibility of the sympa- 
thetic center at the time the drug is taken.* This sensibility 
may be congenital, the so-called “idiosyncrasy,” or occur as a 
result of old ago, debility, etc., or it may be acquired by the 
use of agents which excite tin’s center.* Antipyrin may thus be 
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taken safely a few or many times, even in comparatively large 
doses, and suddenly even a small dose prove toxic. 

The untoward effects of anti pyrin are of two kinds: (1) 
those referred to at the beginning of this section, due to irri- 
tation of the vasomotor center, manifested by marked peripheral 
hyperaiinia, and when toxic doses are taken;* (2) the (diaracter- 
istic effects of the drug, iliosc due to excessive constriction of 
all arterioles, including those of the anterior pituitary, heart 
and skin, the result of violent stimulation of the sympathetic 
center.* 

The toxic effecta of almost any dose after one or more doses of 
antipyrin have been taken without tliscomfort, are so familiar to all 
practitioners that no evidence need be adduced. The hypersenaitiveness 
of the sympathetic center is not limited to antipyrin. Thus Steinhardt"* 
rcportecl a case of intoKu*ance to all drugs of the same class, t.c., quiiiiiie, 
acetanilid, phcnacetin and sodium salicylate, tried by him to cure a 
migraine — all active vasoconstrictors. 

So marked is the difference between the two general classes of phe- 
nomena produced by the drug that they have been divided into two 
classes by various writers. Demme, for instiincjc, refers to two periods: 
an initial period, that of “excitation,*^ and a secondary period, that of 
“paralysis.** Wood*'* states that “it is probable that in toxic doses the 
drug acts as a primary stimulant and a secondary depressant of tlie 
spinal cord.** The special senses were also found to be “first stimulated, 
then paralyzed,’* by Simon and lloeh.** 

The symptoms provoked by excitation of the vasomotor 
center are those of intense, capillary hyperajmia,* viz., sneezing; 
burning and swelling of the mouth and throat; nausea and 
vomiting; abdominal pain and diarrhma. Skin-eruptions of 
various kinds, incident upon the imperfect elimination and 
retention in the cutaneous structures of various toxic wastes; 
red patches or diffused redness suggesting erythema, tiie onset 
of measles or scarlatina, etc.; urticaria, purpura, eczema, bulla>, 
etc., and even gangrene, may also appear. Clironic poisoning 
may include any of these phenomena and excitability, tremors 
and gastric disorders, mental confusion, vertigo and tinnitus 
aurium. 

The morbid phenomena due to excessive excitation of the 
sympathetic center and the resulting constriction of the arte- 
rioles of the pituitary and heart,* are those of collapse. The 
cardiac action becomes more or less depressed and weak; it 
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may cease suddenly, the heart being arrested in diastole — evi- 
dence of its inability to contract upon the blood-stream. The 
formation of adrenoxidase being reduced owing to deficiency 
of adrenal secretion,* the respiration becomes hurried, the 
patient gasping for breath and showing every evidence of marked 
dyspnma, the cyanosis becoming deeper as the lethal trend pro- 
ceeds. Death sometimes occurs from respiratory failure, i.e., 
before cardiac arrest. 

In other cases, the course of events is less acute — the type 
due to gradual inhibition of pituitary and cardiac function 
through hypcrconstriction of their arterioles.* There is great 
muscular weakness and finally complete paralysis. The face 
may lose its dusky hue and become blanched owing to relaxa- 
tion of the great central trunks and depletion of the super- 
ficial vessels, the blood-pressure steadily decreasing. The pulse 
becomes feeble, fluttering, intermittent and very rapid. The tem- 
perature is also lowered, sometimes 5° C. (J)° F.). The pupils 
dilate widely, and vision may become lost along with the other 
senses. The urine becomes albuminous and has the chocolate-hue 
of metlmnoglobinuria; in the advanced stage, however, there is 
usually anuria. Somnolence may deepen into unconsciousness 
and coma, but death is sometimes preceded by convulsions, due 
to the accumulation of toxic wastes In the spinal system.* 

TMost of the ciisos of poisoning reported have oeourred during the 
use of the drug as an antipyretic. “We must not forget,” says Manqiiat, 
“that it is in typhoid fever that antipyrin, even in small doses, has 
caused tlic greatest niiniher of accidents.” Moreover, a marked intoler- 
ance to antipyrin has been observed after typhoid fever which did not 
previously exist. In a s<*ries of 110 instances of poisoning collected from 
literature by Hare,"® acute symptoms arc stated to have begun “at once” 
or “immediately” after the ingestion of the drug 32 times. Tn 15 of 
these the symptoms were those of “serious collapse,” the phenomena 
recorded including subnormal temperature, a feeble pulse, etc. The rest, 
however, all show some evidence of the morbid process primarily pro- 
voked by the drug: the typical eruptions, sneezing, heat of the surface, 
cyanosis, etc., referred to aliove. The underlying vasoconstriction and 
the retention of toxic waste products in the dilated capillaries (which 
products should freely circulate in order to be converted normally into 
eliminable products), added to this vasodilation, completes the list of 
factors required to account for the eruptions as well as the other morbid 
effects. Wcehselinann,’^ in fact, was led by a careful study of the ques- 
tion, to ascribe antipyrin eruptions to lesiops of the central nervous sys- 
tem, and especially the vasomotor apparatus. Malherbe"® witnessed a 
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case in which the penis became completely black after taking a dose of 
23 grains (1.5 gms.), the same dose he had taken fifteen years for 
migraine. He refers to a similar case re|)orted by Fournier. Gangrene 
was observed by Verneuil."* The inhibitory inlluence antipyrin has on 
life processes, by arresting the circulation in the anterior pituitary and 
the heart, is shown by the morbid influence on oxygenation previously 
referred to. Jean and Frfidfincq'"® found, moreover, that it reduced the 
intake of oxygen. 

The treatment of antipyrin poisoning is described in a 
special section at the end of this volume. 

Therapeutics. — The foregoing facts account for the oppo- 
sition of experienced clinicians to the use of autipyrin in fever. 
By preventing the access of blood to the capillaries it antagon- 
izes, moreover, the functions of the body’s auto-protective 
mechanism and tends to paralyze the heart.* Much safer drugs 
are available to counteract hyperpyrexia when this threatens to 
produce ha?molysi8, which is very seldom the case.* 

It is as an analgesic that autipyrin proves valuable. In 
migraine, sciatica, neuralgia, etc., which, as will be seen, arc 
due to hypcra?mia of the nerves per se, it produces marked relief 
by reducing the caliber of their nutrient arteries.* It is useful 
in pertussis by causing constriction of the laryngeal arterioles, 
thus reducing the local hyperesthesia.* Its value in chorea is 
accounted for by a corresponding action on the ovcrac^tive 
muscles,* a process which explains also the value of anii[)yrin 
in rheumatism, articular and muscular, and gout,* It is ettica- 
cious also when a localized congestion produces pain; thus in 
dysmenorrhcea it is sometimes very effective by decreasing the 
volume of blood circulating in Ihe uterine tissues.* In epilepsy 
and tetanus the constriction of the arterioles, by preventing the 
cerebral hypera?mia and the oxygenizing power of the blood cir- 
culating in the cerebro-spinal axis, tends to prevent paroxysms* 
— an observed fact. Finally, antipyrin can arrest lactation — a 
normal result of the reduction of blood in the glandular ele- 
ments which the abnormal constriction of their arterioles 
entails.* 

Large doses of antipyrin, by producing capillary hyper- 
aBmia, tend to counteract the beneficial effects of the drug,* and 
should therefore be avoided. 


• Author* 8 conclusion. 
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ACETANILID. 

Physiological Action. — Acetanilid differs from antipyrin in 
that a therapeutic dose excites the sympathetic center with more 
suddenness, and also, but less actively, the vasomotor center.* 
As in the case of antipyrin, liowever, the general constriction 
of the arterioles provoked retards the passage of the blood 
tlirough the capillaries, thus exposing it unusually long to the 
reducing action of the surrounding tissues.* The normal rela- 
tions between oxygen and carbon dioxide in the peripheral capil- 
laries (as in those of the body at large) being modified in that 
they contain loss oxygen and more carbon dioxide than usual, 
the temperature of their own blood and that of the surrounding 
tissues is correspondingly lowered.* The effect of acetanilid 
is ephemeral as compared to antipyrin, however, the cyanosis it 
produces disappearing promptly after discontinuing its use. 

The purely nervous source of the phenomena produced by acetanilid. 
and its constrictor action are shown by the fact that cessation of its use 
in large quantities will be followed by general hyperemia and maniacal 
excitement, <lue evidently to relaxation of the vessels. A marked case 
of this kind was reported by Herrick.*"^ The resumption of the drug 
arrested these morbid phenomena. Anothc*r interesting example was 
reported by Stengtd and White, in a young woman who t»>ok surrep- 
titiously large quantities of the drug four or live years. Although the 
patient was exceedingly cyanosed, the lips and nails being almost black, 
the authors state tliat “the cyanosis disappeared when the medicine 
was discontinued.” Its ephemeral action is plain. Stengel and White 
also state that “it is not easy to explain the rapid rwovery of normal 
conditions when the drug is withdrawn.” Its action on the sympathetic 
center readily accounts for the re.sult. As soon as the vessels relax, the 
oxygenation of the blood in the capillaries becomes normal. Lepine**® 
had already observed that the cyanosis of acetanilid ceased when the 
use of the drug was discontinued. 

Acetanilid, like antipyrin, by causing engorgement of the 
capillaries* gives rise to accumulation of carbon dioxide in the 
latter, and cyanosis, but this is sometimes followed when the 
use of the drug is prolonged, by the dissociation of luemoglobiu 
and the formation of methRunoglobin. Not only does the im- 
prisoned blood acquire a muddy brownish color, but the urine 
may also appear dark brown. 

That imprisoned blood is unusually depleted of its oxygen by the 
tissues is shown by the fact that I-^pine and AhberP®* found that the 
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oxygen was distinctly decreased. The rOlc of carbon dioxide as the 
cause of cyanosis was also shown by Freund,*'® who found spectroscopic- 
ally no iiiethaemoglobiii in a case of exccasioe cyanosis caused by the 
drug. This represents but a preliminary condition of the blood, how- 
ever, for metlnemoglobin may occur as a result of a still greater loss of 
oxygen by the blood, i.c., that which in the corpuscles per sc serves to 
hold the hiemoglobin molecule in combination. While LOpine, Weill"® 
and Hcrczcl found that acetanilid transformed hoimoglobin into metlue- 
moglobin, the serum, according to Lupine, docs not show the character- 
istic color of the latter, hence he concludes it must be produced in the 
red corpuscles. The disintegration of the blood is further emphasized 
by the fact that, as shown by Ilcnocque, mcthuinioglobinic blood can no 
longer absorb oxygen. Denning**'' recently found that in the dog tlie 
formation of metlnemoglobin, when 10 grains (0.04 gins.) per kilo of the 
drug was given, began in thirty minutes and reaehe<l its maxiinuin in 
from four to six hours, the animal dying when 60 per cent, of methanno- 
globiii W'as present in the blood. Besides the many cases of methtemo- 
globinuria reported, cases in which the haunatoporphyrin was found in 
the urine (giving it a port-wine color) have also been recorded, that of 
P. King Browii""* for instance. This pigm(‘nt points to a still greater 
dissociation of hgcnioglobin, owing to the abstraction of oxygen.* 

As is the case with antipyrin, the analgesic property of 
acetanilid is clue to the early conversion of arterial blood into 
venous blood in the capillaries, including those of the cerebro- 
spinal axis.* The activity of the general cellular metabolism 
being thus lowered, both the peripheral and central sensory 
elements are rendered less sensitive.* 

TTerczcl***® found that in dogs (which can stand large doses) ace- 
tanilid caused loss of reflexes in from five to ten minutes. Bokai**® also 
found experimentally that the drug paralyzed the sensory elements of 
the cord. Weill, ^‘* moreover, notc.l general amesthesia in animals under 
the influence of toxic doses. The aniesthesia here is, of course, but an 
advanced stage of the process to which the analgesia is due. 

Untoward Effects and Poisoning. — As soon as tlic therapeu- 
tic dose is replaced by the moderate or large dose, acetanilid 
acquires the same properties as antipyrin. It irritates the vaso- 
motor center, and thereby causes the deep arteries to drive blood 
towards the capillaries.* Among the symptoms arc: a full 
pulse-wave, headache, subdermal swelling and mdema, pruritus, 
flushing, a searlatinalike blushing, erythema and other cutane- 
ous disorders, polyuria, aud also nausea, retching, vomiting and 
gastric pain. The increase of arterial blood thus projected into 
tlie tissues* produces an increase of metabolic activity therein. 
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Lr^pinc'’^ found that 0.40 gma. (0 grains) per kilo of animal 
brought on in onc-half hour a marked increase of cardiac power, with a 
rise of blood-pressure. H. C. Taylor experimentally ascertained that 0 
grains (0.36 gm.), even when rapidly increased to 40 grains (2.6 gms.) 
in human subjects, caused a slight increase of urea excretion. L6pine'^ 
also found ex periinen tally that an increase of urea was produced by the 
drug, but not invariably. Most suggestive, however, is the investigation 
of Kuinagnwa,^“ who found, after exhaustive experiments, that 2 to 3 
gms. ( 30 to 45 grains ) did not only increase the nitrogen elimination in 
the dog, but that 4 to 5 gms. (60 to 75 grains) increased it materially. 
The increased tissue- waste which these results indicate is readily ac- 
counted for by the hypenemia of all organs which engorgement of their 
capillaries entails. 

The stage of collapse is similar to that caused by antipyrin. 
It comes on when the sympathetic constriction oC the arte- 
rioles is sufficiently great to block the circulation of the anterior 
pituitary and licart.* The symptoms are similar to those that 
follow extirpation of the adrenals, but aggravated by the fact 
that the circulation of the entire body is impeded by the reduced 
caliber of the vessels.* The skin is dusky, cyanotic, or livid; 
there is profuse sweating; intense weakness or general paraly- 
sis; tlie pulse is very feeble and small and may become thready; 
the surface temperature may be lowered several degrees, and 
steadily declines in lethal cases; the respiration is shallow and 
irregular, artificial breathing affording no relief. Albuminuria, 
with hasmoglobinuria, mcthannoglobinuria or Inematoporphyrin- 
uria, are also witnessed, but anuria occurs towards the termina- 
tion. The pupils arc widely dilated, the eyes glazed and star- 
ing. When the end is near, convulsions — due to the accumu- 
lation of waste-products in the blood* — may occur. The lieart’s 
action is first weak, then irregular; and death usually occurs 
from heart-failure, the organ remaining dilated, owing main’y 
to inadequate renewal of its myocardial blood.* 

The mechanism of the cardiac failure here docs not differ much 
from that produced by constriction of the cardiac arterioles produced by 
other drugs. Instead of being restricted to the heart’s vessels, the vaso- 
constriction is general and the heart is deprived of its blood as effect- 
ually. Hence the cardiac arrest in diastole — a process facilitated by 
the failure of adrenal functions. The cardiac dilation may be observed 
during life. Stengel,’^® alluding to the case previously referred to, states 
that **the heart increased tremendously in size,” and that the patient 
“had had several attacks of acute dilatation, with the appearance and 
subsequent disappearance of a loud systolic murmur, with corresponding 
increase and subsidence in the intense cyanosis.” 
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The treatment of acetanilid poisoning is described in a 
special section at tlie end of this volume. 

Therapeutics. — The indications of acetanilid arc precisely 
the same as those of antipyrin/^" but it is preferable because 
small doses do not give rise to the primary stage of excitation 
and engorgement of the capillaries.* 

EXCITATION OF THE VASOMOTOR CENTER AND VENOSITY OK 
THE BLOOD AS THE BASIS OF SIJROTCAL AN/ESTHESIA. 

Sleep and insensitivcncss to pain may also be produced by 
agents which cause the blood circulating in the ccmtral and peri- 
pheral nervous systems, the cutaneous capillaries, etc., to become 
partly venous, metabolic activity being reduced in proportion. 
This is the characteristic mode of action of aiueslhetics. 

Chloroform, for example, by stimulating the vasomotor 
center causes general constriction of all the large vessels of the 
body, and thereby drives the blood towards the periphery, includ- 
ing the ccrebro-spinal system. This produces the familiar stage 
of excitement followed by that of surgical amesthesia. The lat- 
ter is due simply to the fact that the crowding of the blood 
in the structures mentioned is such that stasis occurs, and, 
becoming venous in silu^ fails to sustain local metabolism. The 
functions of the central nervous system, the peripheral nerve- 
ends, etc., being in abeyance, sleep and aiuesthesia are i)r()duced. 

The main cause of death during chloroform is its action 
on the vasomotor center: by stimulating this center excessively 
it provokes marked constriction of the (joronaries of the heart 
and, by depriving its walls of blood, arrests its action. 

The action of ether differs from that of chloroform only in 
that it does not excite the vasomotor center as violently. 
Though it causes death also by producing excessive constriction 
of the cardiac coronaries, the constrictor action is more gradual, 
and the first morbid effect of the lu^art’s deficient contractile 
power is its inability to project its blood efficiently into the 
lungs. Oxygenation soon becomes inadequate, and the respira- 
tion is the first function to cease in the majority of cases, the 
rest dying of cardiac arrest. 


• Author*8 conclusion. 
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Nitrous oxide produces amustlicsicT by preventing the access 
of air to the venous blood in the inlra-alvcolar capillaries, and, 
therefore, to the adrenal secretion it contains. The latter fail- 
ing to become oxygenized, i.e,, to become converted into adren- 
oxidase, it passes into the arteries in its normal state and be- 
comes oxygenized at the expense of their blood. Hence the cya- 
nosis immediately produced by nitrous oxide, and the rapidity 
with which antesthesia is induced, the entire organism, including 
the cerebro-spiiial system, being supplied with blood deficient in 
oxygen. 


CIILOIIOFORM. 

Physiological Action. — IVeceding its true action as an 
aruesthetic is a short period during which, owing to the irritating 
action of the chloroform vapor upon the nasal mucous mem- 
brane, the heart may be arrested rellexly. The sensory 
impulses being transmitted from the nasal mucous to the vaso- 
motor center and thence to the cardiac coronaries,* these 
vessels are constricted sufTicicmtly to deprive the cardiac muscle 
of the blood it requires to carry on its functions adequately.* 
ITsually there occurs only a temporary depression of the blood- 
pressure, but occasionally the heart ceases its functions. 

The irritsitiiig influence of chloroform on the nasal mucosa and the 
danger of reflex cardiac arrest therefrom is generally recognized, and has 
been demonstrated experimentally. Thus, Guerin"^ found that if a 
rabbit be nia<le to inhale chloroform directly through the trachea after 
tracheotoT!iy, tin* heart is in no way alTected; if, however, the animal 
be made to inhale it through the nose, the heart is arrested. The pre- 
sence of vasomotor fibers in the vagus which suppliers the coronaries has 
been shown by Hrown-Sequard and subsetjiiently by Porter,”® and my 
own researches^”' have shown that what is now regarded as a physiolog- 
ical function, t.c., “inhihition” of the heart, is a pathological condi- 
tion due to excessive constriction of the coronaries. Kappeler'"" and 
Laborde,^*’^ in fact, found that this early inhibition by chloroform could 
be prevented in animals by cutting the vagus. 

The short duration of this phenomenon and its depressing influence 
upon the hcart-musele h.ave been observed by many investigators. Thus, 
as stated by Wood,'®* and ‘'as was first proved by the English Chloroform 
Committee, after the first half-minute of the inhalation of chloroform 
there is a progressive lowering of the arterial pressure. This has be(»ii 
confirmed by all observers on tlie lower animals, and HlaueP®® has shown 

• Author's conclusion. 

Guerin: Revue de chir., vol. xlv, p. 915, 1894. 

Cf. this volume, p. 1185. 

”»SaJous: N. Y. Med. Jour., May 14. 21, 1904. 

Kappelor: "Aiimsthotlca,” p. .55, StuttRart, 1880. 

Laborde: C. r. de I’Arad. de m#d.. May 27, 1890. 

'“‘'Wood: hoc. cit., twelfth edition, p. 94. 

”«Blauel: Deltrilge z. klin. Uhlr., Bd. xxxl, S. 271, 1901. 



CHLOROFORM. 


1295 


by tonometrical experiments that the same phenomenon occurs in man.” 
The increased rapidity of the heart-beats — a very great one, since Mac- 
william’-* found it to be almost doubled in the cat — is a result of the 
vasodilation accompanying the low blood- pressure, in accord with Marey’s 
law. Macwilliaiii also showed that during this very early stage the 
contractile power of the auricles and ventricles was reduced, and that 
these chambers were dilated. This is evidently a dangerous period. “It 
is notorious,” says Wood,’^’® “that during chloroformization death has 
often oecurred immediately after the first incision.” 

This period is soon superseded by the preliminary or first 
stage of anaesthesia. This is due to stimulation of the vaso- 
inotor center. All the arteries (c.xcepting tlic arterioles) 
being thus caused to contract simultaneously, the blood 
is driven into the smaller vessels and capillaries, and thus 
enhances the functional activity of all organs,* including the 
cerebro-spinal and muscular systems. More or less resistance 
may then be offered by the patient, especially robust men and 
alcoholic subjects, accompanied by violent movements, muscular 
rigidity and even spasm, the face being more or less flushed. 

According to Arloing,’^ “the early cxcito-cardiac action is often 
accomfianied by a slight vasodilator excitation, but this is fugacious and 
is soon replaced by vasoconstriction.” Then, “the vascular pressure is 
high; and there is simiiltiuuHmsly a diminution of the speed of the 
blood-current” (Manquat) The occurrence of general vasoconstriction 
was long ago emphasized by Mayer, Asp, Hernstcun*^" and others. More 
recently, Oaskell and Shore’®® obtained vasoconstriction during narcosis 
which they ascribed to excitation of Jie vasomotor center. They reached 
the same result by injecting chloroform into the blood, by applying 
lo(!ally to the medulla, and by transferring the chloroform-laden blood 
of one animal to anotlier. The heart’s action is slowed as the vascular 
resistance is increased sometimes as much as one-half, as observed by 
Macwilliaiii, ”” Bayliss and Starling’® and others. 

What is usually regarded as the second stage of narcosis 
and “surgical anaesthesia,’^ occurs when the engorgement of 
the arterioles and capillaries becomes such that the blood can 
no longer freely circulate.* The torpor of the blood-streams 
in the arterioles and capillaries finally becomes such that the 
oxygen supplied to the tissues is inadequate and their functional 
activity is reduced in proportion.* The various sensory ter- 
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minals and centers lose their sensibility, i,e., become anaesthetic, 
and, the cerebro-spinal system being supplied with blood con- 
taining an unusual proportion of carbon dioxide, sleep and 
insensibility are produced.* The same blood circulating in the 
spinal cord, nerves, and muscles,* general muscular relaxation 
occurs, and the reflexes arc abolished. Although the face is 
soinewlmt congested, owing to the cutaneous hypcra?raia, the 
temperature is lowered on account of the deficiency of oxygen 
in the cutaneous blood.* 

Arloing”* found that the general vasoconHtriction which occurred 
during the period of deep an^Hthesia was accompanied by. slowing of the 
circulation. The crowding of the blood into the venous channels is 
shown by the venous pulse noted by Noel,'®^ and most easily observed in 
the external jugulars. The cyanosis sometimes witnessed in this stage 
]K>ints to inadequate renewal of oxygenated blood in the peripheral capil- 
laries; it represents an advanc*ed stage of this condition. Saint-Mar- 
tin”® found that during this stage, t.c., during complete anesthesia, there 
was a reduction of oxygen in the blood and an excess of carbonic acid. 

Untoward Effects. — This semi-venous condition of the 
blood tends to inhibit the functions of all organs, but the most 
dangerous factor in this connection is excessive excitation of 
the vasomotor center.* As the cardiac coronaries take part in 
the general vasoconstriction provoked by chloroform, this 
anajsthetic tends to cause inhibition of the heart proportionally 
as the vasoconstriction is marked.* The circulation in the 
pituitary body, the adrenal center, and the adrenals themselves 
being also reduced in proportion, chloroform tends likewise to 
hamper the functions of these organs and to diminish the 
secretory activity of the adrenals, and thus to reduce both the 
contractile energy of the cardiac walls and tlic formation of 
adrcnoxidasc.* .Death may, therefore, be caused in two ways 
by chloroform : (1) by primary cardiac arrest due to hypercon- 
striction of the coronaries; (2) by primary arrest of respira- 
tion due to paralysis of the adrenal center and the adrenals.* 
Both the cardiac and the respiratory functions may also fail 
simultaneously. 

The cessation of cither the cardiac or respiratory func- 
tions is preceded by a rapid, weak, irregular and fluttering 
pulse, and increasing shallowness and irregularity of the breath- 
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ing. When the functions cease, either singly or unitedly, the 
general vasoconstriction is relaxed,* and the blood recedes 
from the periphery to the now dilating central trunks, causing 
extreme pallor and a ghastly grayish hue. The temperature falls 
steadily with the blood-pressure; the pupils, contracted when 
the carbon dioxide ratio of blood is low, and slightly dilated 
when it is. becoming high, now dilate widely and death follows. 

MacwillianC*" found tliat out of .357 deaths due to chloroform col- 
lected by the Lancet Commission, cardiac failure had occurred 227 
times; respiratory failure, 80 times; and failure of both functions at 
the same time, 77 times. H. C. Wood, in his address before the Berlin 
International Congress (1890), had previously reached the conclusion 
that chloroform was capable of causing death either by cardiac or 
respiratory failure, but especially by cardiac arrest when the lunirt was 
feeble. Commonly, however, Imth functions were abolished at alwiit the 
same time. The mon* recent investigiiiions, of which but a. few of the 
more striking can bo mentioned here, have fully sustained this opinion. 
Cardiac inhibition, we have seen, is due to excessive constriction of the 
cardiac arteries, particularly the (foronaries, through vasomotor impulses 
transmitted by way of the vagus. In 120 experiments in dogs, E. II. 
Embley'^^ found that “respiration was always continued in fatal cases 
till after all hope of recovery was abandoned.” lie concluded that the 
cardiac arrest “was due to stimuli passing down the vagi, for, (a) it 
never occurred in animals in which the vagi had been previously divided; 
(h) when occurring in animals with intact vagi, it immediately disap- 
peared upon section of both of them.” Moreover, he “never failed (5 
cases) to occasion fatal syncope in a sutlieiently chloroformed animal 
by excitation of one or both vagi by the interrupted current.” Schlifer 
and Scharlieb'®* found the heart arrested in diastole and more or less 
filled Avith blood, the “paralytic dilatation” of Lauder Brunton and 
others, and that it was the “inhibitory mechanism which is brought into 
play hy the action of chloroform.” 

That respiratory failure is duo to adrenal insufficiency also eaust^d 
by vasoconstrictor interference (a true adrenal inhibition) and the con- 
sequent deficiency of adrenoxidase in the blood, is shown by the marked 
reduction of the blood’s oxygen ratio. Both Paul Bert and de Saint- 
Martin found that during the stage of true anaesthesia the blood steadily 
becomes poorer in oxygen. The latter investigator observed, moreover, 
that carbon dioxide was markedly increased in anaesthetized animals. 
While the normal proportion varies from 1.45 to 1.88 c.c. per litre, dur- 
ing chloroform narcosis it reached 0.9 c.c. per litre. The reduced oxy- 
genation is further shown by the fact that the temperature is reduced. 
Kappcler’®® found that when inhaled from 15 to 40 minutes, chloroform 
reduced it from 0.2® to 1.1® C. (0..36® to 2® F’. ), and that prolonged 
aniBsthesia sometimes caused a fall of 5® C. (9® F.). Both the absorp- 
tion of oxygen and the elimination of carbon dioxide are de()endent, we 
have seen, upon the quantity of adrenoxidase the blood contains. The 
fact that the adrenal secretion also contributes to the heart’s contractile 
energy explains, moreover, why a defleiency of this secretion may, in 
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the presence of impending cardiac inhibition, cause both the cardiac and 
respiratory functions to fail simultaneously. 

Hare‘" aptly defines the recession of blood from the periphery as 
follows: “The cause of death from chloroform is usually vasomotor 
depression, whereby the arterioles allow the blood to pass too freely into 
the great blood-vessel areas, and, as a result, the man is suddenly bled 
into his own vessels as effectually as into a bowl.” Shore and Gaskell'-” 
ascertained that a large number of curves of the Hyderabad Commission 
pointed directly to heart- failure as the cranse of the fall of pressure. But 
we must not overlook the fact that, as I have shown above, this is due to 
excessive vasocons I riction. 

The treatment of chloroform poisoning is described in a 
special section at the end of tliis volume. 

Danger Signals. — The untoward effects produced by chloro- 
form, in the light of the foregoing analysis, are of two kinds, 
though tending to destroy life by the same morbid process. 
The first of these, reflex arrest of the heart tli rough the vaso- 
motor center,* can be prevented by avoiding irritation of the 
nasal mucous membrane. This danger may be entirely elimi- 
nated (1) by spraying a 10-per-cent, solution of cocaine over 
the nasal mucosa ten minutes before the use of the anaesthetic 
is to begin; and (2) by administering very small quantities (the 
drop method) of the latter, along with a free supply of air. It 
is to be borne in mind tliat it is as a drug that chloroform acts 
upon the vasomotor center, and that the suffocation which 
deprivation of air involves only tends to increase the danger of 
the procedure.* 

When a case assumes a lethal trend during the period of 
full anaesthesia, the cardiac inhibition is brought on, we have 
seen, by excessive but direct stimulation of the vasomotor cen- 
ter.* The death-dealing factor being excessive constriction of 
the coronaries,* this can be prevented by watching the behavior 
of the arteries elsewhere: (1) the pin-point pupil is the extreme 
limit of safety, and indicates that the blood in the vessels that 
supply the iris is inadequately renewed, owing to excessive vaso- 
constriction ;* (2) the respiration is one of the first signs of 
weakening of the heart, since the venous blood is inadequately 
driven to the alveoli* and the automatic regular rhythm is 
replaced by irregular or short breathing, and sometimes stertor; 
(3) a full pnlsc-wave indicates a corresponding condition of the 
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cardiac coronaries;* any diminution of expansion of the artery 
indicates a similar narrowing of these cardiac vessels;* (4) the 
turgescence of the veins of the neck and face indicates the 
degree of constriction to which the arteries of the system at 
large are being submitted ;* marked vascular turgescence is a 
threatening sign. 

Clinical experience amply sustains tjie fact that tlie pupil, 
the respiration and the circulation must be watched while 
administering chloroform. 


ETHER. 

Physiological Action. — The physiological action of ether 
differs only from that of chloroform in tliat it excites less vio- 
lently the vasomotor center.* Its true action is preceded, as 
in the case of chloroform, by a morbid phenomenon due to the 
irritating action of the ether fumes upon the nasal mucous 
membrane, viz., temporary lowering of the blood-prcjssure due 
to reflex contraction of the cardiac coronaries* and depression 
of the hearths contractile power through isclneinia of its walls. 
This reflex coronary constriction, provoked through violent 
sensory impulses transmitted by the nasal branches of the fifth 
pair to the vasomotor center,* is sufliciemt in some cases to 
prove fatal. 

Cushny’^* states that “the first change ohserved in tiie l»lood-prc3- 
surc tracing after chloroform or ether is often a slowing or even a tem- 
porary standstill of the heart.” H. C. Wood‘d’* says also that the pri- 
mary arrest of respiration during the first sUige “is undouhtedly due 
to a local irritation of the mucous membrane of the air* passages.” 
Kratschmer’*^ prevented it “by previous section of the trigc^minal nerves.” 
We have seen, moreover, that it was by ])assiiig a current from the 
nasal mucous monibrnne to the bulb that the brothers Weber inhibited 
the hea’rt. The violent excitation of the sensory trigeminus being trans- 
mitted to the vasomotor center, and thence to the coronaries by the vaso- 
motor fibers in the vagus ( Brown-S(?quard, Porter), the heart, no longer 
adequately fed by its arteries, is unable to contract with its usual power 
upon the blood-column, and may even remain dilated. The rOle of tho 
vasomotor fibers of the cervi(*ai vagus is well shown by the fact that 
Hare*^* found that preliminary division of the vagus prevented tho 
respiratory arrest due to ether irritation of the respiratory passages. 

The influence of reflex action in the morbid process is emphasized 
by the fact that Laborde found that the application of a weak solution 
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of cocaine to the iittsal cavities prevented tlic untoward syiiiptoins. This 
was coniirined by lioaeiiberg’" and others. The arrest of respiration is 
the normal outcome of the weakened or arrested cardiac action: the 
heart is no longer abh» to propel the blood to the lungs with adequate 
energy. This applies only to the preliminary stsige, however; later on, 
respiration is arrested in a ditt'erent way. 

The first effect of ether as an ana?sthetic is to stimulate 
directly the vasomotor center.* The general vasoconstriction 
which ensues forces the blood into the smaller arteries, and 
thence into the ccrebro-spinal and peripheral capillaries.* This 
causes flushing and warmth of the surface, a sense of exhilara- 
tion, of physical lightness, visions, hallucinations of various 
kinds, roaring, hissing and ringing in the ears. Towards the 
end of this stage movemcints of the arms and legs may occur, 
the patient striving pcrliaps to rise. Shouting, raving, laughter 
and other manifestations of physical and mental excitement 
may also occur at this time. The muscles are then rigid. 

According to If. G. Wood, “the first effect of ether is usually to 
cause a jironounced rise in the arterial pressure, which is commonly 
maintained even tlirough a prolonginl ether narcosis.*^ The vasoconstric- 
tion must be very marktul, since, as stated by Cushny'^" and other obser- 
vers, the face “iriay be sull'used and cyanotic.” KuleUburg'^** found the 
knee-jerk increased evidencje that the spinal centers are unduly supplied 
with blood. The cutaneous liypenemia and cyanosis (successive steps) 
arc normal results of the constriction, here as elsewhere, of the muscle- 
coated vessels, while the capillaries, deprived of muscles, become en- 
gorged, congested and dilated. ITence the period of excitement of the 
first stage.* 

The stage of true amesthesia comes on when the circula- 
tion in the capillaries of all organs is sufficiently slowed by the 
general vasoconstriction to supply them inadequately with oxy- 
gen.* Their functional activity is reduced in proportion, 
^riic tactile end-organs of the skin and the sensory paths of the 
spinal cord are the first to lose their sensibility, and annes.thesia 
may thus begin before the end of the stage of excitement. The 
cerebral functions arc then suspended, narcosis supervening; 
soon thereafter all voluntary motor functions are also inhibited, 
as manifested by general relaxation of the skeletal muscles. 
Although the face is congested, the general temperature is 
somewhat lowered, owing to the inadequate oxygenation of the 
peripheral structures.* The involuntary or automatic motor 
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functions are the last to yield, the respiration being slow, deep 
and rhythmic, the pulse somewhat (luickeued though stronger 
— in cases proceeding safely. 

Vasoconstriction persists, we have seen, “even through a prolonged 
ether narcosis,^' according to Wood, and “may continue until manifest 
failure of respiration.” Hence, narcosis must occur simultaneously with 
vasoconstriction. The reddish, r.c., hyperteinic hue of the face, neck, etc., 
betokens the presence of engif)rgement of the peripliernl capillaries, while 
the cyanosis occasionally observed shows that the blood contained in 
these vessels is deficient in oxygen. Intense venous congestion was found 
post-mortem by Hammond Smith.^’® 

Untoward Effects. — When, from reddish and sulfuscd, the 
face becomes pale or livid, either tlic heart or the respiration 
has failed. Death may thus be caused in two ways: (1) by 
cardiac arrest, due to excessive stimulation of the vasomotor 
center and constriction of the cardiac coronaries beyond limits 
of safety to the heart-muscle.* The heart-walls being inade- 
quately supplied with blood,* they are no longer able to con- 
tract upon their contents. This morbid process is aggravated 
by the increased resistance of the blood-column which the gen- 
eral vascular tension entails,* and by the venous condition of 
the blood.* (2) By arrest from the same causes, excessive vaso- 
constriction and venosity of the blood, of the functions of the 
pituitary body.* The functions of the adrenals being inhibited 
•through paresis of their center, the proportion of adrenoxidasc 
(oxyhaemoglobin) formed becomes inadecpiate to sustain life,* 
and the patient dies of respiratory failure. This is the most 
frequent cause of death in ether anaesthesia. 

The (diances of death arc increased when, instead of admit- 
ting air with the anaesthetic, the latter is administered pure. 
The adrenal secretion then passes the pulmonary alveoli in its 
pure state, aind the general vasoconstriction is augmented 
artificially as it is by nitrous oxide.*’*^' Cyanosis suggests the 
presence of this condition (since the adrenal secretion on enter- 
ing the arteries in its normal states at once robs their blood of 
oxygen), and tlic supply of air should be increased when this 
S 3 nnptom appears.* 

Both cardiac and respiratory failure are at once followed 
hy general vasodilation. The blood receding into the great 


• Author" 8 cmcluAion. 

iBo Hammond Smith: Drit. Med. Jour., Jan. 8, 1898. 
Cf. thlfl volume, p. 1304. 



If302 INTERNAL SECRETIONS IN PHARMACODYNAMICS. 


central trunks suddenly depletes the peripheral capillaries.* 
Hence the pallor and lividity, the wide dilation of the pupils 
and other phenomena denoting approaching dissolution. 

The phenomena of cardiac inhibition are distinctly demonstrable 
experimentally. Cushny states**'* that the frog’s heart, under ether, 
“beats more slowly and mure weakly, and at the same time undergoes a 
certain amount of dilatation.” These are the typical signs of inhibi- 
tion. “Kventually,” writes the same author, “if the administration be 
carried far enough, the blood- pressure falls to zero and the heart ceases 
to beat. The way in which this fall of blood- pressure is produced has 
been the subject of prolong'd discussion, but it is now generally recog- 
nized that the weakness of the heart is the chief factor.” 

“The effects on the mammalian heart are very similar.” Obviously, 
being iscluemic, the heart ceases to sustain the vis a tenjo motion of the 
blood, and the functions of the general vasomotor center cease. The 
intensity of the vascular constriction is emphasized by the observation 
of Sansom*“ that “the vessels of the frog’s web are thrown into per- 
sistent spasm by the inhalation of ether,” while the transition is well 
exemplified by the researches of Howditch and Minot*** in mammals, 
that “the vasomotor centers are at first stimulated and afterward de- 
pressed.”**** Vasoconstriction of the cardiac arteries, plus active resist- 
ance of the blood-column, plus deficient adrenal secretion, and plus the 
venous condition of the biocal, amply account for the cardiac failure. 

Yet, experienced anjBsthetists gimerally agree in ascribing the 
majority of deaths to failure of the respiration, i.c.. to asphyxia. The 
venous con<lition of the blood is strictly in accord with the interpreta- 
tion of the morbid process I submit above. J. Chalmers Da Costa and 
Kalteyer,**® in a comprehensive study of the blood-changcs induced by 
ether, write as follows: “The luenioglobin Is always reduced absolutely; 
in some instances there is an apparent increase, but this rise in the per- 
centage of hiPnioglobin is never parallel with tlie rise in the number of 
red blood-cells. The individual corpuscular value is therefore reduced.” 
The influence of the deficiency of adrenoxidase is also well shown by 
ITarc’s statement'*" that “prolonged etherization lowers the bodily heat 
very greatly. That of the dog may be lowered some 9° F. in an hour 
if the drug be pushed, and as great a fall has been known as 4® F. in 
man.” Though evaporation of the drug tends to increase this fall, it is 
due to actual hypothermia, since vasoconstriction is present simultane- 
ously. 

The treatment of ether poisoning is described in a special 
section at the end of this volume. 

Banger Signals. — This interpretation of the manner in 
which ether produces untoward effects suggests precautions 
which, if strictly observed, would tend materially to prevent 
them and decrease the number of fatalities.* Ether being a 
violent irritant, the danger of causing reflex arrest of the heart 
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can be prevented (1) by avoiding the sudden onslaught of its 
dense vapor upon the upper respiratory tract which the use of 
the folded towel or the cone insures; (2) by spraying a 10-per- 
cent. solution of cocaine into the nasal cavities about ten minutes 
before the administration of the anaesthetic is begun; and (3) 
by administering a very small quantity at first along with a 
free supply of air. As it is through its direct action upon the 
vasomotor center that ether produces anajsthcsia, a small quan- 
tity, as given in the “drop method,” suffices to start with. 
Gradually, as the patient yields to the influence of the anaes- 
thetic, the quantity is increased, air being always admitted 
freely. Struggling is prevented by this plan, since this is 
usually prompted by a feeling of suffocation. 

The dangers of the period of deep anaesthesia are com- 
mensurate with the proportion of COg in the blood, and the 
degree of tension to which the arteries are submitted.* When, 
therefore, the patient is anaesthetized, the color of the skin, the 
“flush” — which indicates that the blood circulating in the 
arteries is sufficiently arterial to sustain vital functions of all 
organs, including the pituitary body and the heart — should be 
closely watched, and any indication of duskiness (not awaiting 
cyanosis) serve as an indication of a greater air supply.* To 
await dilation of the pupil, weakening of the pulse, respiratory 
distress, etc., is a dangerous feature of the prevailing technique, 
since these are the signs of cardiac and pituitary inhibition.* 

NITROUS OXIDE. 

Physiological Action. — Nitrous oxide produces ancTsthesia 
by preventing the access of oxygen to the pulmonary blood, i.e., 
to the venous blood containing the adrenal secretion.* 

Dastre'^ states that **pure nitrous oxide anuisthetizes, but it kills 
by causing asphyxia; mixed with air it does not kill, but it does not 
anaesthetize.’' The view that its effects are due to asphyxia was 
opposed by Goltstein’*^* on the plea , that nitrous oxide provoked sensory 
and reflex phenomena whicfh were absent when an inert gas was used. 
H. O. Wood and Cerna'" in a series of experiments found, however, that 
the circulatory phenomena of nitrous oxide anaesthesia were very similar 
to those caused by inhalations of pure nitrogen or by mechanical 
asphyxia, and that the addition of so small a ])ortion of oxygen as .3 
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per cent, almost doubled the time for the production of ameathesia, 
while 5 per cent, lengthened it nearly eight times. A subsequent study 
by Wood^*^ confirmed the c^nidusioii that nitrous oxide produced anecs- 
thesiu by cutting off the supply of oxygen. His results fully coiifirined 
those formulated by Jjudiinur Herrmann in 1864’“ and other investiga- 
tors si nee, that nitrous oxide acted simply as an asphyxiant. Indeed, 
Colton,^"* E. Thomson"” and Wood have all found experimentally that 
animals lived no longer in nitrous oxide than in hydrogen, nitrogen or 
a vacuum. 

By prcventiTig tlie access of oxygcn-lailcn air to the lungs, 
nitrous oxide prevents the conversion of the adrenal secretion 
into adrenoxidase. The secretion, by penetrating the arteries 
in its original condition, appropriates the oxygen of their blood, 
supplements the tissues in converting it into venous blood.* 
Hence tlie promptness with which cyanosis is produced.* 

Hermann, Jolyet and lllanche,'“ Ooltstcin, MacMunn,"*® Buxton,’” 
Halliburton and Kemp,"“ all assert that nitrous oxide does not com- 
bine with haemoglobin."'® The cyanosis, therefore, must be due to the 
familiar cause, i.e., the accumulation of carbon dioxide. Yet, Oliver and 
Garrett’^^" found in the course of experiments upon dogs tliat during 
nitrous oxide anaesthesia there was “a marked deficiency of oxygen and 
no excess of carbonic acid” in the blood. Obviously, the loss of oxygen 
was not due to tissue metal)olism; some subsLinee other than the tissues 
must have absorbtHl the oxygrm. That this substance must be the 
adrenal secretion is evident; not only is it endowed with marked affinity 
for oxygen, but the oxygen-laden air being replaced by nitrous oxide, 
the secretion necc'ssarily passes the pulmonary air-cells without taking 
up oxyg«m. Venotts blood, laden w'ith adrenal secretion, soon circulates 
in the* arteries. Hence the venous character of the arterial blood. 

The temporary exhilarating effect of nitrous oxide, as 
manifested by hilarity, physical lightness, the sensation of well- 
being, etc., and the aural rumbling or buzzing are due to the 
ephemeral congestion of the cerebral and upper spinal centers 
which precedes complete anesthesia. This congestion is pro- 
duced mechanically: the adrenal secretion on entering the ar- 
teries provokes a fictitious vasoconstriction which progresses 
Avith the blood containing it from the larger arteries to the 
smaller.* The terminal arterioles and the capillaries which re- 
ceive their blood thus become engorged, and the nervous ele- 
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merits they supply are inordinately excited as long as the blood 
remains arterial.* 

Oliver and Schafer’’* have shown that the adrenal extract power- 
fully contracts the blood-vessels. Penetration of the adrenal secretion 
into the arteries, as stated above, must therefore not only raise the 
arterial pressure, but tlie process being an abnormal one, it cannot but 
present unusual characters. Referring to his own elaborate experi- 
ments, II. C. Wood"* says that he found “that the inhalation of nitrous 
oxide is usually followed by a rise of arterial pressure, accompanied by 
a great disturbance of the pulse." The “rise and fall of the arterial 
pressure” was found to “vary remarkably, not only in diffeient inhala- 
tions, but at diirerent periods of the same inhalation. Sometimes the 
rise was sudden, sometimes it was gradual; som(>times it was main- 
tained until near death; sometimes it was interrupted very early; some- 
times it was not very well marked; sometimes it was enormous.” The 
engorgement of the cerebral capillaries is well known by the fact that 
Amory"® found in cerebrometric experiments in dogs, that “there is dur- 
ing anaesthesia, increased blood- pressure in the cerebrum with stasis in 
the capillaries.” This morbid rise of blood-pressure and the resulting 
cerebral hyperaemia may cause fatal cerebral luemorrhage in a predis- 
posed subject, as sliown by a case rejiorted by Hare."* 

Anatjsihesia of the peripheral strueturcs occurs before nar- 
cosis is complete because the cutaneous capillaries are invaded 
sooner by venous blood than the ccrebro-spinal cells.* When 
narcosis is complete, the venous blood has penetrated the cere- 
bral neurons, and by lowering their metabolism correspondingly 
inhibits their functional activity. An artificial sleep is thus 
produced.* 

The pyramidal cells of the cortex, we have sinm,"’’ alter their form 
during sleep, (loddard"” found that in puppies decapitated after a 
night’s rest, the heads dropping at once in fixing solutions, “it was difli- 
cult to find a single varicosity on the dendrites,” while in very sleepy 
and tired puppies, a cell whose jirocesses were not more or less varicose 
could hardly be found. Dcinoor*" noted similar elTects in speedmens of 
gray substance from a morphinized dog; the processes or gemrnules had 
disappeared, while a specdiiieu taken before the morpliine had been given 
was covered with regularly distributed gemrnules. We have, evidently, 
in those processes, manifestations of erethism. As, in the light of my 
views, the dendrites, axis-cylinders, fibrils, etc., are but nervous capil- 
laries, the penetration in tiiem of venous blood cannot but subdue this 
erethism. Ooltstein observed that the spinal rellexes of frogs were 
reduced, and attributed this to a direct action of the nitrous oxide; but 
the penetration of venous blood in the eidlular elements finely accounts 
for this phenomenon without granting this gas direct anaesthetic prop- 
erties. Their functions are merely in abeyance, as are those of all the 
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cells of the cerebro-spinal axis. “During sleep,” says Landois,*" “there 

is diminished irritability of tlie entire nervous system.” 

“During sleep stronger irritation is required in order to excite reflexes.” 

Untoward Effects. — Death may be caused iu two ways, 
(1) by cardiac arrest, owing to the resistance imposed upon the 
cavities of the lieart by the excessively constricted arteries,* (2) 
by respiratory failure owing to the nonconversion of the adrenal 
secretion into oxidizing substance.* 

Oliver and Garrett"* found in dogs killed with nitrous oxide, that 
the arteries were empty and the veins engorged. This is readily 
accounted for by the marked vasoconstrictor action of adrenal secretion 
which, as stated, penetrates the arteries without being converted into 
the adrenoxidasc.* The blood was necessarily forced into the veins. 
The same experimenters found all the heart cavities distended — a normal 
result of the intense back-pressure imposed upon this organ. As to the 
second cause of death, i.e., the non-formation of the adrenoxidase, Wood 
states,'*" referring probably to his experiments, that “death always 
occurred from respiratory paralysis, the heart continuing to beat power- 
fully after respiration had ceased and the arterial pressure had fallen 
very low.” The heart is not deprived of adrenal secretion, hence its 
powerful resistance; the respiratory process loses its aid, however, hence 
its failure. Oliver and Garrett found the lungs collapsed. 

The treatment of nitrous oxide poisoning is described in a 
special section at the end of this volume. 

Banger Signals. — The mortality of nitrous oxide is prac- 
tically nil (about 1 in 150,000), owing mainly to the fact that it 
is used only for minor operations, the extraction of teeth, etc. 
As it unquestionably produces asphyxia, its prolonged use is con- 
traindicated. This drawback is partly overcome, however, by 
Cryer’s apparatus, which enables the patient to inhale a certain 
proportion of oxygen along with the nitrous oxide gas, and also 
to administer at once nothing but oxygen when danger signals 
appear. 
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CHAPTER XXI. 

THE INTERNAL SECRETIONS IN THEIR RELATIONS 
TO PHARMACODYNAMICS {Continued). 

REMEDIES WHICH DEPRESS THE FUNCTIONS OF THE 

ADRENAL, VASOMOTOR AND SYMPATHETIC CENTERS. 

All the drugs analyzed so far \vhi(‘h were shown to pro- 
duce their effects by influencing nerve-crenters, were found to do 
so by stimulating those centers. Evidence will now be sub- 
mitted to the effect that by means of other remedies we can 
produce a contrary action, Le., depress these identical functions 
— profitably where cxccissive erethism prevails — each agent 
described being likewise capable of doing so in a characteris- 
tic manner. 

Even the test-organ and the adrenal center can thus be con- 
trolled through our drugs. Indeed, Nature seems to have pro- 
vided a substance, arsenic, which, merged in with the thyroi- 
dase probably, tends to reduce markedly its sensitiveness. 
Whether we are dealing with a physiological constituent of the 
body or not, the fact remains, that it is found normally in great- 
est quantity in the thyroid gland and that it antagonizes directly 
the action of thyroid extract. Whereas the latter promotes cata- 
bolism and emaciation, arsenic prevents wear and tear of the 
tissue-cell. Thyroid breaks down fats; arsimic conserves them. 
The many beneficial effects it produces in cutaneous, nervous, 
and blood diseases are, we will see, accounted for by this one 
central action. 

Another, though of course artificial, agent of this class 
is chloral, which causes sleep by rapidly depressing the test- 
organ, and through it therefore, general metabolism. The 
muscularis of all vessels being the seat of less active exchange, 
it becomes relaxed, and the brain being deprived of some of its 
blood owing to accumulation of the latter in the great channels 
of the splanchnic area, sleep is promoted not only because of the 
diminution of blood in it, but because the blood itself is defi- 

( 1307 ) 
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cient in adrenoxidase. Here, again, marked general phenomena 
are due not to action on peripheral structures, but upon a gen- 
eral center. » 

Another form of depression, the converse, as it were, of the 
vital erethism procured by adrenal extractives and antitoxin, 
is that caused by alcohol. The stimulating property with which 
it is credited is an artificial and ephemeral plienoriionon, as we 
will see, due to the sudden excess of heat energy developed while 
it is being oxidized by the oxygen-laden adrenoxidase. The pro- 
cess itself brands alcohol as a depressant, however, since it is 
at the expense of the tissues that it robs the blood ol' this gas. 
It is because of the misinterpretation of the role of energy in 
the organism and of the prevailing misconception of the nature 
of the vital process, that it is regarded as a food. As a remedy 
it has but little claim to recognition: beyond the spurt of pro- 
teolytic activity acejuired by the blood’s trypsin which a small 
dose of ethyl alcohol procures by liberating lu^at-energy, its 
trend is to paralyze tlie body’s protective functions, as shown 
in various ways. 

The test-organ is not, however, the only center whose func- 
tions may be depressed directly or indirectly by drugs. As stated 
by Professor Charles Richet,^ “all toxics (with rare exceptions, 
CO2, for instance, and a few oth(*r hiemoglobin toxics) are 
hardly poisonous otherwise than through their action upon the 
nerve-cell. In the organism, the nerve-cell, to the detriment of 
other cells: muscular, glandular, epithelial, is the most sensi- 
tive to toxic action. These laws of excitation, then of depres- 
sion of the nerve-cell by poisons, arc, therefore, very general 
and applicable to almost all poisons.” This does not necessarily 
mean that nerve-centers are alone influenced in this manner, 
but it is self-evident that being the most highly organized of 
nervous structures, they should prove more sensitive to the 
action of toxics than either subsidiary centers or ordinary nerve- 
cells. 

Richet refers, however, to the secondary depression pro- 
duced by excitants, having shown in 1881 that even strychnine 
could be converted into an anaesthetic if the animal’s life were 
prolonged sufBeicntly long. It is probable that all depressants 
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stimulate primarily, though so slightly in some instances, that 
the effects of this stimulation are not perceived. 

The mode of action of depressants on vascular centers is 
illustrated by the effects of bromides on the vasomotor center, 
and concomitantly, doubtless, upon the subsidiary spinal centers. 
Being depressed directly by these salts, the general center allows 
the vessels of the entire organism to dilate. The blood being 
thus caused to recede from all periplieral structures, the skin, 
ccrebro-spinal system, etc., to collect in the great central chan- 
nels, the “depressomotor’’ influence of tliese salts becomes self- 
evident. By this depletion of the peripheral structures, in- 
cluding the pituitary body, the functions of all centers, includ- 
ing the adrenal center, are likewise depressed, and the produc- 
tion of adrenoxidase being correspondingly reduced, general 
nutrition is impaired. TTence tlic trophic; disorders of bromism. 
We have here much the same process as that awakened by 
chloral, but brought about in a different way. The therapeutic 
kinship of these two drugs is well known. 

In veratrum viride we have a drug very similar in action 
to the bromides. By its direct and depressing action on 
the vasomotor centcT, it lowers the arterial tension to 
such a degree, that it ^^bleeds the patient into his own ves- 
sels.” The iscluemia of the pituitary body and the skin pro- 
duced by large doses, so iiiliibits catabolism, however, that toxic 
wastes accumulate in the blood, including that circulating in 
the ccrebro-spinal system, an action which causes a rise of the 
blood-pressure. We thus have the curious example of a drug 
which in therapeutic doses lowers the blood-pressure and in 
toxic doses raises it. thus counteracting its own physiological 
action — with threatened pituitary and cardiac inhibition if pro- 
longed. 

Depression of the sympathetic center is illustrated by 
three well-known agents, prominent among which is aconite. 
The general dilation of the arterioles thus produced allows an 
excess of arterial blood to enter the capillaries in general. 
When full doses arc given, this marked though passive capillary 
hyperaemia excites the peripheral end-organs of sensibility and 
tingling is caused, besides flushing, headache, etc. In poisonous 
doses, aconite also depresses, then paralyses, the test-organ and 
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through it the adrenal center. The formation of adrenoxidase 
being arrested, the patient dies asphyxiated. 

Amyl nitrite likewise depresses the sympathetic center, 
and by thus causing dilation of the arterioles causes the familiar 
flushing, increased heart-action, etc. It differs from aconite in 
that when given in large doses it depresses the vasomotor cen- 
ter, thus causing ischsrmia of the peripheral organs and, there- 
fore, the hypothermia and cyanosis sometimes witnessed. The 
remarkable benefit amyl nitrite affords in angina pectoris finds 
its explanation in the reduction of vascular tension which dila- 
tion of all the arterioles of the body produces, for while the 
volume of blood admitted into the capillaries of the heart is 
augmented, the pressure behind the blood-columns as a whole 
is decreased. Nitroglycerin is the counterpart of amyl nitrite 
as to physiological action, and affords an admirable means for 
the perpetuation of the beneficial, though fugacious, effects 
obtained with the latter remedy. 

Creosote and kindred agents are shown to combine two 
seemingly antagonistic actions, viz., to depress the sympathetic 
and vasomotor centers and excite the adrenal center. Tn truth, 
this is but a normal result of the fact that these remedies are 
treated as foreign and harmful agents by the test-organ, and 
that it incites a protective reaction which entails Ihc appear- 
ance of Jin excess of adrenoxidase, and, therefore, of auto-anti- 
toxin, in the blood. The beneficial effects of therapeutic doses 
are readily accounted for by these two properties: by caus- 
ing a vascular relaxation, creosote not only counterac^ts exces- 
sive vascular tension — a deadly phenomenon in lobar pneumonia, 
for instance — ^Init the- blood which penetrates through the di- 
lated arteries into the diseased areas being unusually bactericidal 
and antitoxic, the curative process is directly activated. 


ARSENIC. 

Physiological Action. — Arsenic, which, like other remedies 
is taken up by leucocytes, is the direct (and probably the 
physiological) antagonist of thyroidase as far as the stimulat- 
ing influence of the latter on the test-organ is concerned.* By 
depressing, through this organ, the functional activity of the 
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adrenal center, it restrains the production of adrenal secretion 
and, therefore, the formation of adrenoxidase.* This reduces 
general oxygenation correspondingly.* 

Besredka^ found that the trisulphidc of arsenie when injected into 
the peritoneum of rabbits was taken up by leucocytes, in tlie interior 
of which these yellowish- red grains could readily be seen to break up 
into smaller granules, and then to disappear, (jautier^ found arsenic 
in various structures, the thyroid, thymus, mammary gland, the skin, 
hair and nails containing the most, and incorporated with the nucleo- 
proteids and iodine. It will doubtless prove to be a component of thy- 
roidase.* 

The constitutional effects of arsenic arc evidently of central origin. 
“There is accord between the experimenters in regard to the cause of 
the final arsenical paralysis,” writes Wood, “all finding that it is pro- 
duced by a direct action of the poison u|)on the nerve-centers.” As 
stated by Cushny, paralysis is elicited in frogs by arsenic “much sooner 
than by arrest of the circulation by excision of the heart.” The drug 
must, therefore, act on the nerve-centers from the start. 

That it is the adrenal center which it depresses is shown by the 
fact that, as stated by Cushny, “arsenic lessens oxidation of the tissue.” 
This is further emphasized by the observation of BOdart and Mabille^ 
and Ewald® that it antagonizes the effects of thyroid extract, which, ns 
we have seen, powerfully enhances oxidation. According to ITutcliison." 
for instance, the effect of thyroid extract is “to increase oxidation in 
the body; it makes the tissues, as it were, more infiatnmable, so that 
they burn away more rapidly,” a conclusion amply sustained by evi- 
dence- adduced in the first volume. Conversely, as observed by l^auder 
Brunton,'' arsenic interferes with normal metabolism. This is also 
shown by the fact that Chittenden and Cummins'’ and others found that 
it reduced the excretion of carbon dioxide. 

The physiological action of thyroidaso being to enhance 
catabolism both by stimulating the test-organ and the adrenal 
center, arsenic, as the antagonist of thyroidase, opposes cata- 
bolism, i.e., a too rapid consumption of the cellular elements.* 
While, therefore, thyroid extract in sufficient doses causes emaci- 
ation, as shown by its action in obesity, arsenic provokes the 
opposite effect, gain in flesh. 

The general effects of arsenic on nutrition are ilhistrated by the 
use to which the peasants of Styria, Tyrol and Lower Austria put it — 
the men to increase their physical activities, the women to enhance 
their charms, round off their shape, clear their complexion, etc. Their 
habitual use of the drug, however, engen<lers tolerance, t.c., habituation 
of the adrenal center to its presence in the blood,* and increasingly 
large doses becomes necessary to obtain the desired effects. They thus 
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become “arscnic-eatera.” As shown by Cloetta, however, much of the 
arsenic ingested is not absorbed, but passes out with the fueccs. 

Knupp** has witnessed, and brought before a medical meeting a 
peasant who took in tlieir presence, without apparent discomfort, 0.33 
gm. (5 grains) of arsenous acid. This does not seem to inlluence the 
mortality of Styrian peasants, who, in fjict, live to old age. Gies’^® 
found that fowl could also be made to ingest large doses, if gradually 
habituated to the drug. He also administered minute doses to some 
young rabbits several weeks, leaving others of the same litter untreated. 
The treated animals became larg(!r than the controls, the muscles, bones, 
and fat being better developed. Others have made similar observations. 
Stockman and Greig,'‘ however, notf^d only an increase in the size of 
the bones. It is well known, however, that animals given arsenic, lay 
on fat. Lardelli** confirmed this observation experimentally, but he 
found also that tlie increase in W'eight was due, “in great part,’' to the 
nitrogenous constituents. 

In skin disorders, arsenic is beneficial because, by reduc- 
ing the metabolic activity in the muscularis of arteries it 
causes, in small therapeutic doses, slight general vasodilation.* 
As the caliber of the cutaneous arterioles is likewise increased, 
the capillaries of the skin, among otliers, receive a greater in- 
flux of auto-antitoxin-laden arterial blood. This serves not only 
to free mechanically the cutaneous inicrcellular spaces of toxic 
wastes, cellular debris and other pathogenic substances that may 
be present, but also to hasten their destruction and insure their 
freer transmission to the general blood-stream where they are 
linally brokem down and thus converted into benign and elimin- 
able excretory prodiuds.* 

The physiological action of arsenic thus intcrprettHl, indicates that 
it should not be used when the cutaneous disorcler present is attended 
with acuto, inflammation; the greater influx of blood in the capillaries 
of the akin cannot but aggravate such a condition and the disease itself. 

This coincides with the clinical results recorded by dermatolo- 
gists. Many have found arsenic harmful during the earlier stiiges of 
cell proliferation. Duhring, for instance, states that “it should not bo 
prescribed where there is great heat, burning, intense itching, or rapid 
cell-change. It is not only of no benefit at this stage, but in most cases 
it is positively injurious, tending to augment the activity of the morbid 
process.” Brocq’* emphasizes the importance of avoiding its use in the 
forms of eczema and other disorders attended by the least inflammatory 
phenomenon. Shoemaker^^ deems it valuable only in the absence of 
irritation and inflammation. In chronic, sluggish processes, however, it 
is of great value. 

The vasodilation produced is well shown by the fact that even 
therapeutic doses will cause, as is well known, cedema, i.e., effusion of 
blood-serum through the walls of the capillaries. 
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Untoward Effects. — When therapeutic doses are begin- 
ning to prove toxic*, the cutaneous capillaries among others be- 
come overburdened with blood,* serous effusion into the con- 
nective tissue occurs, and oedema appears, at first under the 
eyes, then elsewhere on the body. The force of the pulse is 
more or less decreased, and the vasodilation being general, the 
rapidity of the cardiac contractions is increased (Marey’s law). 
When the use of the drug even in small doses, is persisted in, 
some dr all of the symptoms of chronic arsenical poisoning 
appear. 

Chronic Poisoning. — The chronic form of arsenic poison- 
ing, due to the absorption of very small particles from wall- 
paper, arsenical paints, stuffed animals, factories, mines, bev- 
erages, etc., illustrates the gradual development of lesions inci- 
dent upon lowered general metabolism. Increasing weakness, 
gastric dilation, headache, lachrymation. congestion of the con- 
junctiva, coryza, sneezing, cough, cardiac dilation, cidargemcnt 
of the liver, swelling beneath the eyes or of the face and ex- 
tremities, all point to a general relaxation of the muscles, in- 
cluding those of the cardio-vascular system. Imperfect cleav- 
age of toxic wastes causes the appearance of eruptions of vari- 
ous kinds, some attended by intense itching. Bronzing is often 
witnessed in these cases, the skin falling off in brownish scales 
or in largo flakes. Pallor and slight cyanosis are also frequently 
observed. 

Nervous disorders appear in practically all cases — sensory 
affections especually, varying from slight para'sthesia to com- 
plete anaesthesia due to imperfect oxygenation of the peripheral 
end-organs, to intense headache, neuralgia, muscular tenderness, 
pains in the joints, formication of the lower extremities, and 
perversions of the temperature sense. Erythromclalgia, i,e., 
swelling, redness, and hyperapsthesia of the palms and. soles, 
may also appear. Motor paralyses arc met with in a large pro- 
portion of cases, in the lower extremities especially, recalling 
locomotor ataxia, and arc often preceded by the sensory phe- 
nomena. ^rhey usually begin in the toes or fingers and are 
generally symmetrical. The knee-jerks may be exaggerated 
early in the history of a case, but when paralysis and atrophy 

^ Author* a conclusion. 
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appear, they are absent. Prolonged intoxication has given rise 
to insanity and epilepsy, and to a state of mental torpor simulat- 
ing idiocy. 

All these morbid phenomena gradually disappear when the 
patient is no longer exposed to the effects of the poison and 
judiciously treated, provided disintegration of tlie muscular tis- 
sue has not occuiTed. 

The pathology of ehronie arsiieiiie poisoning, as stated by Cushny, 
is “still obsenre,*’ but its nature — in the light of the foregoing analysis — 
is plainly suggested in view of the faet that, as observed by Wood,” 
“a peculiar brown pigmentation of the skin,’* t.c;., a light bronzing, “is 
almost pathognomonic of chronic arsenicalism.” This pigmentation may 
even be generalized as shown by a case reported by J. Sobel,” some 
regions, tlie anterior and posterior surfaces of the neck, the inner sides 
of the thighs, etc., being “dark brown.” Arsenic inhibits the functions 
of the adrenal system, and causes general vasodilation. 

The lesions found in the spinal cord are usually ascribed to a 
“neuritis,” a “myelitis,” or the cord is said to bi* “inflamed.” When, 
however, we consider that these conditions are said to be observed Imme- 
diately after death from acute experimental poisoning, it becomes evi- 
dent, in view of the data just submitted, that the condition present is 
misunderstood. What we see under these conditions is not an “in- 
llamed” cord but an organ the vessels of which arc dilated precisely as 
they are throughout the entire body.* In more protracted cases the 
vessels are said to be surrounded by an “exudation” ascribed to a so- 
called “inflammatory process; ’ but we are obviously dealing with an 
accumulation of blood-fluids. The walls of the vessels are said to be 
“thickened” and the cellular nervous elements “degenerated,” but these 
are merely morphological alterations due to engorgement of the vasa 
vasonim and of the cellular elements themselves, including the multi- 
polar cells, due to the one morbid effect of the drug: general vaso- 
dilation. Even the widespread “fatty degeneration” so-called is naught 
else, as we have seen in the first volume, but blood-serum converted into 
luyosin. Wonder is expressed in text-books that in practically all cases, 
whether due to acute or chronic poisoning and even in paralytics show- 
ing the “reactions of degeneration,” recovery occurs after discontinuing 
the use of the drug. This result becomes a normal one, however, when 
absorption of ex trava sated fluid devoid of physiological value and re- 
sumption of vascular tone are Liken into account. 

Acute Poisoning. — Arsenic, i.e., arsenous acid, when in con- 
tact with the fluids of living tissues, i.e,^ the hlood-serum, be- 
comes converted info arsenic acid, owing to the presence of the 
oxygen-laden adrenoxidase in these fluids.* Therapeutic doses 
of arsenic on reaching the stomach become, therefore, markedly 
active and may excite gastro-intcstinal irritation. 

Adrenoxidase is a constituent, we have seen, of the blood-serum, 
and therefore of the various secretions. Binz and Schulz” found that 
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albumin, fibrin and blood could convert arsenous to arsenic acid, and 
vice versa, the brain, liver, pancreas and kidney exercising marked 
activity in this process, and fats none. Cushiiy*'* also deems it probable 
“that the oxides of arsenic alone are capable of modifying vital func- 
tions.” The avidity of arsenic for oxygen is satisfied as soon as it 
reaches the oxygen-laden fluids and tissues, and the violent abstraction 
of this gas from the latter accounts for its corrosive action. 

It is owing to the presence of adrenoxidase in the fluids 
of the entire alimentary canal that a poisonous dose of arsenic 
may cause severe pain in the throat, oesophagus, stomach, and 
abdomen, nausea and vomiting, and organic lesions, t.e., conges- 
tion. ccchymoses, erosioiis attended sometimes by lia'inorrhages.* 
Purging is likciwise the result, though only in part, of the violent 
intestinal irritation. Although the discharges may be merely 
loose, greenish, or yellow, they often assume the aspect of the rice- 
water stools of Asiatic cholera, and contain minute flakes of 
mucous membrane. The excessive loss of fluid may then entail 
diminution or suppression of urine. 

The general or secondary effects of the poison arc of another 
order. Arsenic is readily absorbed and the functional activity 
of the adrenal center is soon depressed and finally inliibited. 
Owing to the more or less advanced adrenal insufficiency thus 
engendered, the heart’s action and the pulse become weak and 
small, and because of the marked general vasodilation, very 
rapid. The respirations are painful, labored, and frequent — 
an effort to compensate for the paucity of adrenal secretion 
available. As a result of the diminution of adrenoxidase in the 
blood and tissues the temperature gradually recedes, the ex- 
trejnitics and body become very cold — recalling, with the con- 
comitant symptoms, cramps, etc., the algid stage of cholera. 
Gradually as the blood loses its oxygenizing properties, the sur- 
face becomes dark and cyanosed, coma, and sometimes convul- 
sions, supervene, and death ends the patient's intense suffering. 

The functions of the adrenal center are evidently inhibited. Thus, 
arsenic may, as we have seen, provoke the characteristic symptoms of 
Addison’s disease — progressive wasting, asthenia, hypothermia, general 
vasodilation, etc., including the characteristic pigmentation, t.e., bronz- 
ing — all of which often disappear when the use of arsenic is discon- 
tinued. The case of Enriquez and Lereboullet,*® Hutchinson, “ Forster,*^ 

• Author's conclusion. 

’*Cushny: hot. cit., p. 616, fourth edition, 1906. 
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Richardii^re,^ Heuss,” Lcszynsky," and many others reported, afford evi- 
dence to this effect. 

Subscrous eccliymoses in the endocardium, confined to the left 
ventricle in eight out of ten cases of acute arsenical poisoning, Was 
observed by Powell,"* police surgeon in Bombay. 

Moreover, arsenic, by causing ischsemia of the pituitary, deprives 
it of its reflex activity.* 

Boehm and Unterberger®" found that both tlie sensory and motor 
paths of the upper spinal cord failed to cause the usual vasoconstric- 
tion. Such was also the case after Cyoii and Massolongo had removed 
the pituitary body. This cannot be due to inability of the paths them- 
selves or of the muscular coats of the arteries (owing to inhibition of 
their metabolism) to react under the inlluence of the stimulus, since 
the authors found that the arteries of the ear of the same animals were 
still constricted sufliciently to cause pallor when the cervical sympa- 
thetic was stimulated. Hcmce, we arc dealing with a central paralysis, 
in accord with the prevailing view among therapeutists — ^but of a cen- 
ter located in the pituitary body, that of the adrenals. Pistorius” 
recently argued that it was the vasomotor center which lost it control 
over vessels, but as shown by Boehm and Unterberger, arsenic is first 
of all a respiratory poison — a view sustained by the marked inhibitory 
effect of arsenic on oxygenation, a process governed by the adrenal cen- 
ter, t.c., the thermic center.* 

After large doses, collapse and death may occur suddenly 
within twenty-four hours, the case lapsing almost from the 
start into the advanced stage. When the quantity ingested is 
not groat, or when a part of it has been eliminated by vomiting, 
the primary symptoms may cease and the patient apparently 
improve. In many instances, however, this is only temporary; 
a recrudescence of the symptoms occurs, more intense perhaps 
than the first, but often accompanied (as a result of the cor- 
rosive action of the poison on the alimentary canal) by fever, 
a dry tongue, and considerable tumefaction of the abdomen. 
Eruptions, which may be pustular, papular, vesicular, or pete- 
chial, are often witnessed in these cases. TMic algidity, the 
intense dyspnoea, cyanosis, muscular trembling, cramps, and 
other characteristic symptoms of a primary acute attack never- 
theless prevail and death may take place between the second and 
sixth day. 

Recovery in such cases is slow and is usually attended by 
disorders of various types : of the stomach and intestines owing 
to the local lesions; of the nervous system or of limited por- 

• Author* s conclusion. 
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tions thereof, sensory or motor, due mainly to trophic changes 
during the whole process; of the liver and kidneys owing to 
excess of toxic substances in the blood, etc. 

In the epidemic of arsenical poisoning which occurred in Man- 
chester a few years ago among beer-drinkers, E. S. Reynolds*" found a 
large number of cases of peripheral neuritis, especially among women. 
In many of the cases the skin of the armpits, the nipples and the 
genital organs “was deeply pigmented, as in Addison's disease.” Out 
of a series of 253 cases of neuritis collected by W. Janowski,"" 136 were 
found to be due to acute arsenical poisoning. As observed by Boehm 
and Unterberger, and Pistorius, in poisoned animals even such large 
trunks as the splanchnic, which at first transmitted impulses, failed 
to do so later on. Impaired metabolism in their structure is a normal 
result of adrenal insufhciency caused by arsenic. It is, in fact, the 
main initial feature of the post-acute nervous disorders, when all nerv- 
ous elements are regarded as channels for oxygen-laden blood- plasma.* 

The treatment of arsenic poisoning is described in a special 
section at the end of this volume. 

Therapeutics. — The manner in which arsenic produces its 
beneficial effects in certain skin diseases was explained on page 
1302. It has proven equally eflicacious in pernicions ancemia, 
a disorder due, as will be shown elsewhere, to haemolysis through 
excess of auto-antitoxin and adrenoxidasc in the blood.* By re- 
ducing the activity of the adrenal center and the production of 
adrenoxidasc, arsenic counteracts this morbid phenomenon.* 
It is also a specific in choreay another disorder due to exces- 
sive metabolic activity resulting in uncontrollable muscular 
activity.* In diabetes, the manner in which arsenic produces 
its beneficial cffecds is almost self-evident: we have seen that 
this disorder is due to excessive activity of the anterior pituit- 
ary, manifested through the test-organ and the adrenal center;* 
arsenic by depressing the activity of the adrenal center* counter- 
acts the morbid process. In torpid catarrhal processes, chronic 
rhinitis, chronic gastritis, etc., and in persons who readily "take 
cold” and whose extremities, are usually hypothermic, arsenic is 
also of value, owing to its action on the arterioles of the 
mucous membrane and skin. ’'Phe excess of the arterial blood 
admitted into the capillaries enhances the curative process by 
introducing an excess of auto-antitoxin in the diseased tis- 
sues, and relieves the superficial hypothermia and ten- 


• Author's conclusion. 
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dency to ^Wds” in debilitated individuals.* It is also because 
the cutaneous hyperaeinia thus produced insures an increased 
supply of auto-antitoxin in the superficial tissues* that arsenic, 
as stated in the first volume, protects the body against malaria, 
and other diseases in which the pathogenic agent is introduced 
into the blood by the sting or bite of insects, infection under 
these conditions depending upon the antitoxic activity of the 
cutaneous blood.* The curative action of arsenic in intermit- 
tent fever is likewise due to the accumulation of auto-antitoxin 
in the cutaneous capillaries* — tlie minute channels which 
Nature utilizes as a powerful adjunct to the liver when an 
exacerbation of defensive activity, "fever,^^ becomes necessary.* 


CHLORAL. 

Physiological Action. — Chloral causes sleep by depressing 
directly the functional activity of the test-organ and, through it, 
of the adrenal center. The quantity of adrenal secretion pro- 
duced being diminished, less adrenoxidasc is formed and the 
metabolic processes in general become loss active.* The brain, 
owing to the great volume of blood it contains, is one of the 
first organs to feel the influence of lowered oxygenation; the 
gernmules of its cellular elements are retracted and compara- 
tively normal sleep is produced when the dose is not excessive.* 
The respirations, the cardiac action and the pulse arc some- 
what slowed and the temperature is slightly lowered, but on 
awakening from four to eight hours after ingesting the dose, the 
patient feels about as usual, though perhaps a little weary and 
confused. 

That chloral is absorbed unchanged in the blood and circulates 
as such is now generally recognized. Liebrcich’s view, that it is split 
into chloroform and sodium formiate, has been shown by LabbCe,*' 
Tomasccwicz” and others to be erroneous. It is not, however, by a 
direct action on the blood itself that it acts, for Rajewsky" found that 
the drug produced its typical effects on a frog whose blood had been 
replaced by salt solution. Nor is it by a direct action on the motor 
nerves, for the same investigator and Labbr^e found that even fatal 
doses had no influence on these structures. Both these investigators 
traced the phenomena witnessed to the spinal centers. 


* Author* 8 conclufiion. 
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The prevailing view is that chloral paralyzes the respiratory cen- 
ter. Although, as observed by I-.oewy,“ there is practically no differ- 
ence between normal sleep and the eifcct of a therapeutic dose in this 

particular, Cushny" states that “as the dose is in(Teased the 

respiration becomes very slow and weak, and finally ceases from par- 
alysis of the center.” h]ven therapeutic doses, as observed by DaCosta"” 
and others, reduce the temperature. When the doses are large, this 
reduction may become very marked. Thus, B. Ward Richardson* ** ' 
observed a reduction of 10.8° F. (6° C.) in the rabbit. Hamiiiarsten“ 
obtained a similar reduction in one lumr, “though the animals were 
well wrapped up and laid in a warm place.” This is evidently due to 
deficiency of oxygen-absorbing power of the blood, for ttie air utilized 
is considerably reduced. Thus Wood and Cerna*" found experimentally 
that the reduction in the amount of inspired air produced by largo 
doses was, in many instances, 50 per cent., and that sometimes it 
amounted to 75 per cent. These experiments demonstrated, in their 
opinion, that in the dog, chloral was a true respiratory depressant. 
Again, the effects of chloral in man being similar to those exerted upon 
the dog, they conclude that in human beings chloral likewise paralyzes 
the respiratory centers. H. W. Mit(ihelP“ refers to a case in which the 
oxygenation of the blood was sufficiently impaired to produce cyanosis. 
Wood concl tides, in view of Rajewsky’s experiments, that “the inffuence 
of chloral must be exerted upon the respiratory center at the haae of 
the brain.” All these observations harmonize* with those of Richet/* 
who found that chloral greatly reduced the excretion of carbon dioxide, 
and with those of Germain S(ie“ and others, who ascribe to chloral a 
paralyzing action on the “thermic centers” — also thought to be at the 
base of the brain. As [ have pointed ouV^ the thermic center is the 
adrenal center. 

As the paralysis of the adrenal center becomes more marked 
gradually as the dose is increased, the oxygenization of the 
tissues is correspondingly lowered and the functional activity of 
all organs, including the muscular layer in the walls of the ves- 
sels and the cardiac muscle, is lowered in proportion.* Gen- 
eral vasodilation occurs as a normal result.* This feature of 
the action of chloral renders the use of large dost^s dangerous. 

Large therapeutic doses, by Jiugmenting the adrenal insuffi- 
ciency and causing mark(?d general vasodilation,* produce a 
deep sleep which lasts twelve to eighteen hours, and from which 
the patient can only be awakened with considerable difficulty. 
All functions being to a certain extent impaired by the paucity 


• Auihor*a eormluaion. 
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of adrenoxidase in the blood,* the respirations are reduced, the 
pulse becomes weak, and reflex activity is markedly diminished. 
The reduction of the blood circulating in the cutaneous capil- 
laries, supplemented by the deficient oxygenizing power of the • 
blood, not only gives rise to partial anaesthesia of the surface, 
but also to a great reduction of the peripheral temperature. 
The awakening after such a dose is often attended with marked 
evidence of general disturbance; i.e., mental torpor, confusion, 
headache and sometimes nausea and vomiting. 

General vasodilation is a well-known feature of the action of 
chloral. Demarqiiay** long ago observed that it caused in animals, not 
only vasodilation, but also engorgement of all vessels. Robert^® was 
led experimentally to coneludo that It caused paralysis of the vascular 
walls. As Labb^>e and other investigators noted that the rabbit’s ear 
grew pale after its use, the general vasodilation had evidently caused 
recession of the blood into the great central trunks, thus tending to 
deplete the brain and the peripheral capillaries. This accounts, with 
the lowered oxygenizing i^ower of the blood, for the fact, mentioned by 
Cushny,” that “the motor areas are rendered leas irritable by chloral, 
and eventually fail to react to the strongest elec'trical stimulation.” It 
also explains the mental torpor and the partial anuisthesi Even 
relatively small doses will cause relaxation of the arteries as observed 
by Labbr^c. llajewsky, moreover, observed that small, as well as large, 
doses reduced the blood-pressure. 

In some instances, a therapeutic dose causes flushing of the 
face, hypersesthesia, restlessness, excitement and even delirium 
with hallucinations. This effect is due to the relaxation of the 
arterioles.* A greater quantity of arterial blood being admitted 
into the cutaneous and cerebral capillaries than usual,* a 
period of morbid activity follows. 

Arloing found not only that the small vessels were dilated but that 
the supply of blood in the peripheral tissues was increased. This condi- 
tion doubtless prevails in the deeper organs, including the cord, for 
llajewsky^® observed reflex irritability in frogs and that at this time 
the spinal ganglia were overexeitable. Moreover, Levinstein^® observed 
a rise of temperature followed by marked fall. Some investigators, 
having noted sphygmographieally an increase in size of the limb im- 
mersed, concluded that chloral increased the arterial pressure. But a 
similar effect is produced when the peripheral capillaries are dilated • 
passively by unusual dilation of their arterioles. Cerna, working in 
Wood’s laboratory, found it impossible to raise the blood-pressure in 
curarized dogs, with any dose of chloral. Even with the sphygmograph, 
Preisenddrfer®® found that the supposed period of preliminary rise was 

* Author's conclusion. 
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followe<l by a steady decline of blood- pressure, while Andrews and 
DaCosta°^ ascertained that very large doses ^'decidedly lessen arterial 
pressure.’®* 

A toxic dose tends to paralyze the adrenal center and to 
arrest therefore the functions of the adrenals, and the formation 
of adrenoxidase* It tends to kill, therefore, by paralyzing the 
respiratory function.* The patient sinks into a profound sleep 
from which it is practically impossible to awaken him, the skin, 
owing to the morbid condition of the blood, being absolutely 
insensible. The pupils are widely dilated and the muscles are 
completely relaxed. The heart having lost the sustaining aid 
of the adrenal secretion and being nourished with blood deprived 
of its main constituent,* becomes steadily weaker and more 
irregular, the pulse presenting the same character. The tem- 
perature steadily declines and the respirations become gradually 
slower and irregular until they cease, death occurring from 
asphyxia. The heart continues to beat a short time, stopping 
in diastole. Occasionally, however, respiration and cardiac ac- 
tion cease together. 

The diminution of adrenal secretion, t.c., adrenoxidaae, being the 
cardinal fa(!tor of the morbid process, it becomes a question whether 
chloral actually reduces its production. B. Ward Richardson” found 
that this drug reduced the coagulability of the blood — a morbid phe- 
nomcii due, we have seen, to diminution of fibrin ferment. As previously 
shown, this body is adrenoxidase.* Now ^Todel” observed that chloral 
predisposed to haemorrhage — a phenomena due to reduced coagulability 
of the blood — while, on the other hand, Dunc^anson” and Lange” found 
that adrenal extract (which bec?omcs adrenoxidase in the blood) con- 
trolled the hieniorrhages of haemophilia, a condition due to deficiency of 
fibrin-ferment. 

Again, we have seen, that removal of the adrenals or ligation of 
their efferent vessels causes a rapid reduction of the blood-pressure and 
of the temperature, ending in death, the characteristic phenomena of 
chloral poisoning. This is surely due to the fact that the blood is 
deprived of the adrenal secretion, for Strehl and Weiss,” after removing 
one adrenal, found: that they could amtrol the temperature and the blood- 
pressure at will by pinching and releasing the efferent vessels of the 
remaining adrenal. Now, when chloral has brought an animal to the 
verge of death, adrenal ej^tract immediately counteracts the lethal condi- 
tion. Gottlieb” “chloralized rabbits until the heart beats became irregu- 
lar and excessively slow. An injection of suprarenal extract at once 
restored the regularity and volume of the pulse. He tried the same 

• Author’ H conrlufiion. 
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experiment when the pulse was no longer registrable by the manometer ; 
a similar result was obtained, and the heart almost immediately resumed 
its normal action.” Here the adrenal* secretion became converted into 
adrenoxidase and thus supplied the blood for a short time with its 
pabulum vitw — in lieu of the animal’s own adrenals, inhibited through 
paralysis of its center by the poison. 

Chronic Poisoning. — The prolonged use of ehloral hydrate 
provokes phenomena due to continued depression of the adrenal 
center, lowered metabolism, and the resulting general vasodi- 
lation.* 

Respiratory disorders are frequently observed. The most 
prominent symptom is dyspnoea due to the diminution of adren- 
oxidase in the blood.* This may be severe and even alarming 
when the general vasodilation becomes sufficient to slow the 
circulation, and when the right heart, owing to the inadequate 
supply of adrenal secretion and adrenoxidase,* becomes feeble. 
^J^he dilated capillaries allowing the blood fluids to traverse their 
walls with unusual facility, oedema may occur into the mucous 
membranes, skin, or d(‘eper organs. Mental disorders are also 
witnessed in some eases in the form of intellectual torpor, loss of 
memory, or impulsive illusions and hallucinations due to fluctu- 
ations in the caliber of the vessels and the quantity of blood sup- 
plied to the brain. If the use of the drug be stopped suddenly, 
the vasomotor nerves soon resume the ascendency over the ves- 
sels, and the brain, receiving an influx of blood containing a 
greater supply of adrenoxidase, becomes ovcractive. Manifesta- 
tions resembling delirium tremens may appear under such con- 
ditions. Cutaneous disorders are frequently observed. These 
arc mainly due to the accumulation of wastes in the blood, owing 
to its reduced catabolic activity, and to the reduced propulsive 
vigor of the blood-stream which the vasodilation involves. 
They may assume the form of erythema, ecchymoscs, petechiae, 
or of ephemeral red patches, either in the skin or mucous mem- 
branes. The lesions sometimes cause considerable trouble, how- 
ever, ulceration, fever and pyiemic toxaemia. 

H. W. MitebelP* reported an interesting case which, as he says, 
“illustrates the resemblance between alcohol and <?hloral delirium.” The 
mental disorder became so marked that the patient had to be placed in 
ail asylum. Withdrawal of the drug, stimulation, forced feeding, hydro- 
therapeutic measures, with a hypnotic the first three nights, were fol- 

* Author*8 conclusion. 
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lowed by complete recovery. The author refers to Elliott,®® who states 
that *^there was no api>reciable difference in delirium tremens resulting 
from the use of alcohol or chloral.** 

The treatment of chloral poisoning is described in a special 
section at the end of tliis volume. 

Therapeutics. — ^Chloral is mainly used in insomnia, espe- 
cially when associated w'ith nervous irritability. Its great 
value in this connection is due to the fact that by lowering 
metabolic activity it depresses the functions of all cellular ele- 
ments including those of the nervous system, in which, we have 
seen, adrenoxidase likewise circulates.* Tlic slight fall of blood- 
pressure which the lowered metabolism in the muscularis of the 
vessels causes when therapeutic doses arc given, promotes iscli- 
amia of the cerebro-spinal system and facilitates the soporific 
eflFects.* Its infiuence on pain (which is due to hyperncmia of 
the sensory terminals*) is slight, however, because the dila- 
tion of the arterioles caused by the remedy allows an excess 
of blood to peiuitrate the capillaries, thus offsetting what anal- 
gesic effect the lowered metabolism in the cellular elements 
might otherwise procure.* The recognized value of chloral in 
chorea, paralysis agitans and urwmic convulsions as a palliative 
is also due to its depressing influence on the vital and vascular 
mechanism,* which in these conditions are both overactive.* 
^I'his applies as well to puerperal eclampsia, epilepsy, hydro- 
phobiu and infantile convulsions, in all of which chloral is fre- 
quently us(?d ; but it should be rememl)(*red that it is by no 
means a curative remedy* and that it tends, like all depressants, 
to promote the formation of the toxic wastes which act as spas- 
mogenic agents.* 

DRUGS WHICH RESKxMBLE CHLORAL IN THEIR 
PHYSIOLOGICAL ACTION. 

Paraldehyde acts much as does chloral. It primarily 
lowers the functional activity of the adrenal center, and by thus 
indirectly reducing the proportion of adrenoxidase in the blood, 
correspondingly inhibits metabolism in all tissues. As a result 
the muscular layer of the vessels is relaxed and general vaso- 
dilation, though not so marked as rn the case of chloral, follows. 


* Author's conclusion. 
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The sleep produced by therapeutic doses usually comes on within 
five minutes. It is not attended by ana3sthesia, but resembles 
that caused by chloral, being calm and restful, and usually lasts 
five or six hours. It is likewise due to diminished metabolic 
activity in the cerebral nervous elements, and its effects are 
more marked in normal than febrile subjects. Occasionally, 
especially in the latter, it provokes unpleasant dreams and night- 
mares, and flushing, owing to a alight dilation of the arterioles 
and the admission in the cerebral and peripheral capillaries 
of a slight excess of arterial blood over that compatible with 
normal sleep. As a rule, the awakening is not followed by un- 
toward symptoms; at times, however, depression, mental tor- 
por, and lack of energy arc complained of. 

A toxic dose produces general muscular relaxation and 
unconsciousness and, sometimes, cyanosis. The cardiac contrac- 
tions and the pulse become gradually weaker and intermittent. 
The respirations, at first rapid, soon become sliallow and irregu- 
lar, and death occurs from asphyxia. The symptoms tliat appear 
in paraldehyde habitues are similar to those observed in the 
chronic form of chloral poisoning, and likewise include emacia- 
tion, great muscular and cardiac weakness, and mental disorders, 
llicse arc sufliciently severe in some cases, that it becomes neces- 
sary to place the patient under restraint. 

SiilphonaL — Besides lowering the functional activity of the 
adrenal cent(U’,* sulphonal tends to decompose the haemoglobin, 
as shown by the many cases in which haematoporphyrin, i.e., 
iron-free luernatin, is found in the urine. Any drug capable of 
such an action cannot but undermine the health. Preference 
should be given, therefore, to chloral or paraldehyde. 

In therapeutic doses sulphonal produces apparently normal 
sleep of several hours’ duration, from which he may awaken in 
his usual condition. Not infrequently, however, he experiences 
mental torpor, some lassitude, and perhaps vertigo. If the use 
of the drug is prolonged, it may give rise to general weakness, 
principally of the lower extremities, and sometimes to faintness, 
nausea, vomiting and serous diarrhoea. When large doses are 
used, the foregoing symptoms may more or less suddenly be 
accompanied by more serious ones. "Respiratory phenomena, 
the salient features in acute cases, then appear: the face and 
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body become cold and livid, the lips and nails cyanoscd, the 
respirations reduced in number and sliallow, and the heart’s 
action feeble and intermittent. 

In acute poisoning met with in subjects addicted to the 
drug or others to whom it has been administered some time, 
premonitory symptoms, such as colic about the epigastrium, 
vomiting, diarrhoea, or obstinate constipation, a papular erup- 
tion and marked weakness, may appear ; but such is seldom the 
case in neurasthenics. In these, which constitute the majority 
of cases, the acute symptoms usually appear suddenly and ter- 
minate fatally. 

Trional. — Trional, which is very similar to sulphonal 
chemically, resembles it also in its physiological effects. Its 
depressing action upon the adrenal center is more marked,* 
however, while its dissociating effect upon the havmoglobin is 
probably less active. It is, therefore, somewhat more powerful 
as an hypnotic, and when acute symptoms of poisoning occur, 
the chances of recovery arc greater, and are not as likely to 
appear after oiu) or two doses. ^I’he majority of cases of poison- 
ing occur in persons who have taken the drug some time. 

The symptoms due to toxic doses are often initiated by 
colic, persistent nausea and vomiting, and diarrhoea, owing to 
a sudden relaxation of the vessels and outpouring of blood-fluids 
into the alimentary canal. This is usually followed by obsti- 
nate constipation due to paresis of the intestinal muscles — a 
paresis witnessed in various y)arts of the body, particularly the 
extremities. 1’’hc heart’s action and the pulse now be(;ome very 
weak and rapid, and dilation murmurs are sometimes discernible 
over the mitral and aortic valve-signs — signs of impending 
heart-failure. Respiratory disturbances occur concomitantly ; 
the lips and nails may become cyanos(?d and the patient lapses 
into coma. Death occurs most frequently in cases in which 
hrematoporphyrin is found in the urine. But large quantities 
of urobilin and bilirubin are still worse as prognostic signs 
since they indicate that the disintegration of haemoglobin has 
reached its moat advanced stage. 


Author* a coneluaion. 
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ALCOHOL. 

Physiological Action. — The effects of alcohol upon the ali- 
mentary canal vary with the proportion contained in the ingesta. 
When the latter contain less than five per cent, of absolute alco- 
hol. the secretory activity of the salivary gastric glands is in- 
creased refiexly and the digestive process is either stimulated 
and facilitated, or unimpaired. When, on the other hand, this 
proportion .is exceeded, the digestion is not facilitated and 
may be delayed. A beverage containing ten per cent, of abso- 
lute alcohol and above, interferes with the digestive process in 
proportion as the percentage is high, by inhibiting the diastatic 
and proteolytic activity of the gastric juice. 

The experimenta of Bucliner,®^ Chittenden and Mendel,®* Storck"® 
and othera, have shown that when there is not more than five per cent, of 
absolute alcohol in the beverages ingested, the salivary digestion ia 
enhanced, but that a higher pro[)ortion of alcohol tends to delay the 
process, especially when it exceeds 10 per cent. Chittenden, Mendel 
and Jackson®* ascribe the increased flow of saliva to reflex action, pro- 
voked by the irritation of the alcohol on the oral nerve endings. 

Gastric digestion is correspondingly influenced. The stimulating 
action of small (piantites of alcohol is emphasized by the observation 
of Nothnagel and Rossbach"* that a single drop injected into the stomach 
of a dog, through a gastric fistula, suiHces to provoke a flow of gastric 
juice through the cannula. Chittenden, Mendel and Jackson, Radzikow- 
ski®® and others also found that alcohol in moderate doses markedly 
increased the secretion of gastric juice, its proteolytic activity and the 
proportion of hydrochloric acid. Richet®’ likewise observed that it in- 
creased the acidity of the gastric juice. Similar cflfccts are obtained, 
as show'n by Kroum, Moulinier, and Spiro,®® when alcohol is administered 
by enema and when, as observed by Grrmet,"® it is injected into the blood. 
Elliston^® found, moreover, that after the ingestion of small doses the 
increased secretion of gastric juice continued much longer than when 
none had been administered. 

The pernicious influence of a large percentage of alcohol in the 
ingesta is no less evident. Claude Bernard has shown that strong doses 
of alcohol ex)agulate the gastric secretion and its ferments. Gluzinski” 
found that they impaired the digestion of albumins, the digestion being 
retarded. Two ounces of brandy taken before or during a meal, inhibit 
the digestion of starches. Taken after meals this quantity inhibite 
digestion. Ijiuren''* found that it retluees the activity of pepsin on 

Buchner: Deut. Archly f. kiln. Med.. Dd. xxlx. S. 537, 1881. 

>3 Chittenden and Mendel: Amer. Jour. Med. Scl., Jan., Feb., Mar., Apr., 
1896. 

Storck: N. O. Mod. Jour., Dec., 1901. 

•♦Chittenden, Mendel and Jackson: Amer. Jour, of Phys., Mar., 1898. 

«® Nothnagel and Rossbach: “Mat. Med. ct Therap.,’* Pr. edition, 1889. 

•• Radzlkowskl : Arch. f. d. ges. Physiol., Bd. Ixxxlv, S. 613, 1901. 
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Albumins. Thibault” noted tlmt when the alcoholic strength exceeded 
12.6 per cent, the proteolytic activity of the gastric juice was at once 
reduced. Chittenden and Mendel,'^* who also obtained stimulating effects 
from weak solutions, found that when the ingested mixture contains 
from 5 to 10 per cent, of absolute alcohol, retardation of the digestive 
process becomes noticeable, and that a 15 to 18 per cent, beverage retards 
it from 26 to 35 per cent. 

Alcohol having a marked affinity for oxygen, the harmless- 
nesB or beneficial effects of weak solutions, such as beer, is due 
to the fact that a small quantity of alcohol is promptly oxidized 
by the adrenoxidase of the oral, gastric and intestinal secre- 
tions.* The glandular elements, to compensate for the defi- 
ciency of adrenoxidas(j thus created, reflexly increase their func- 
tional activity.* 

When sufficient alcohol is taken to exceed the oxidizing 
powers of the secretions of the alimentary canal, the excess is 
absorbed into the general circulation and is oxidized therein by 
the adrenoxidase of the plasma and red corpuscles,* a very small 
quantity (about two per cent.) being excreted in its natural 
state. 


Liebig many year ago advanced the view that the greater part of 
the* alcohol absorbed from the alimentary canal be(;omes oxidized in tho 
liody, and that but a very small quantity is eliminated by the lungs 
and kidneys. His opinion was opjiosed on the pleti tliat it was prac- 
tically all eliminated unchanged, but the experimental work upon 
which this view was baaed was shown by Baudot” to have been faulty, 
and the weight of evidence contributed since has fully sustained 
Liebig’s co lusion. Anstie,” Thudieum and Dupre" in experiments 
u|)on a large number of subjects found that the quantity of alcohol 
eliminated with the urine was trifling, t.e*., from 0.25 to 0.82 per cent. 
Schulinus,™ Buchheim” and Tdebcn*® not only confirmed this fact, but 
found that while the elimination with the excretions was inappreciable 
during the tw’o or three hours following its ingestion, 25 per cent, of- the 
drug had disappeared from the blood and tissues. This in turn was 
sustained by a second series of investigations by Anatie,*“ who not only 
again found that although the aggregate of alcohol eliminated in the 
urine, fieces, sweat and breath )f a dog to which large quantities had 
been administered was trifling, the body of the animal contained none. 
Binz and Ileubach"* and Bodlilnder” and others also ascertained experi- 
mentally that alcohol was eliminated in trilling quantities. Precision 
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was recently given to this question by the comprehensive researches of 
Atwater and Benedict,** which showed that in the adult man only 1.9 
per cent, of the nlcoliol contained in six ounces of whiskey is eliminated. 
Abclous, Hardier and Kibaut“ found that even when three c.c. per kilo 
of (warm-blooded) animal was given, 87 to 90 per cent, of the total 
ingested was destroyed within eight hours. Cushny** emphasizes the 
fact that the 5 to 10 per cent, generally thought to be eliminated “is 
too high a valuation for the alcohol excreted and that only 2 to 3 per 
cent, of that ingested escapes oxidation.” 

The loss of oxygen which alcohol imposes upon the tissues 
by undergoing oxidation in the blood-stream, interferes with 
general nutrition and, therefore, low(‘rs the activity of the vital 
process. Any quantity of alcohol absorbed into the circulation 
thus acts as a depressant. 

The utilization of the blood’s oxygen for the oxidation of alcohol 
entails a corresponding loss for the tissues, the result being a reduction 
of the activity of all vital processes. That such is a(!tually the case 
is illustrated by the fact that although Binz,” Jaquet** and Wilmanns 
found that respiratory activity is augiuentcd, the quantity of carbonic 
dioxide eliminated is on the whole reduced, as observed by N. S. Davis, 
Hammond,"® Boeck and Bauer,"® Ruiiipf"* and many other investigators. 
The labor of breathing is thus augmented, but intracellular metabolism 
is impaired, owing to the paucity of o.xygen. Indeed, Bouchardat and 
Sandras®* observed in a roostesr intoxicat(>d with alcohol that the comb 
became cyanotic. This is apparently contradicted by the observations 
of Demarquay, Dum<5ril, Perrin and others that small doses either do 
not modify the temperature, or, as not(»d by Wood,®* raise it slightly, 
i.c., about 1® F. (0.4® C.); but as is shown below this is the result 
of passive peripheral vasodilation. As these and many other investiga- 
tors have found, larger doses, t.e., doses capable in this connection of 
seriously deoxidizing the blood, lower the temperature in proportion as 
the quantity is large. In <logs, Ilosenfcld®* observed a reduction of 
nearly 10® F. (6® C.). Bouvier found that the fever of pyremia could 
be reduced to normal by administering sufficiently large doses. 
Diiinouly®* found that 20 gms. (5 drachms) of absolute alcohol in solu- 
tion acted as an antipyretic. Inhibition of tissue metabolism is fur- 
ther suggested by the experimental work of Bidge, Lauder Brunton, 
Parkes and Wollowicz, B. W. Richardson, Hammond, Vierordt, Schmiede- 
berg and others, which showed that even moderate doses of alcohol have 
a narcotic depressing effect. 

Over twenty years ago French investigators hold that alcohol robs 
the blood of oxygen which should subser^^e the nutritional process. 
Dujardin-Beaumetz,®® for example, contimded that alcohol, whose affinity 
for oxygen is so marked, could not enter the blood without undergoing 
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oxidation, especially in view of the loose hold oxyhsemoglobin has on 
oxygen. Bouchard*" refers to alcohol as “that substance which, to so 
high a degree, slows the nutritional processes.” 

Alcoliol is not a food; it does not ri'placc prot(*ids. fats or 
carbohydrates. The heat energy it liberates when oxidized is 
not utilized by tissue-cells, t.e., in tissue metabolism, and is 
therefore wasted.* 1'he tissues being deprived of the oxy- 
gen thus consumed by alcohol, catabolism is correspondingly 
delayed; siiid this in turn, proportionally retards the assimi- 
lation of materials by the tissues. The only effect of alcohol 
absorbed from the alimentary canal, therefore, especially in 
view of the fact that it supplies the organism with no tissue- 
building material, is to interfere with the nutritional process. 
In other words, it only spares the protcids, fats and e.arbo- 
hydrates as do asphyxiating agents, ix,, by hindering tissue 
respiration.* 

Alcohol is believed by some investigators to replace proteids, and 
by the majority of them to replace fats and carbohydrates. IT. F. 
Ilewes** aptly remarks in this connection: “The property of sparing 
tissue is possessed by several narcotic substances, as morphia. It would 
be as reasonable to class this substance among the foods as alcohol, if 
this property were taken as the distinctive quality of a food.” Indeed, 
the greatest authority on tliermochemistry, the late Prof. Berthelot,** 
held that alcohol is not a food. 

Atwater and Ticnedict, in the exhaustive study referred to, con- 
clude that the pottmtial energy of alcohol is converted in the organism 
into working energy as thoroughly as is that of ordinary food. This 
(;annot be accepted in the sense that alcohol can replace food, since the 
energy liberated is merely heat energy. As emphasized by F. S. Bene- 
dict,^**® alcohol does not build muscular or adipose tissue, thus failing 
in the essential role of true foods; it only furnishes a supply of heat 
while being oxidized. Indeed, were the working energy thus liberated, 
alcohol would exceed considerably in value that of ordinary aliments, 
since, as calculated by Dupre,*"' alcohol liberates during its oxidation 
nearly five times the heat units that an equal quantity of lean beef 
would produce. Kassowitz’"** has also laid stress recently on the fact 
that alcohol only acts as a stimulus, and that the substitution of a 
given proportion of non -nitrogenous food by a quantity of alcohol of 
equal caloric value, is associated with diminished working capacity and 
a dissipation o ’ vital resources. 

All this is further emphasized by the fact that concurrently with 
increased heat production, alcohol causes decreased nitrogen excretion. 
Thus, Bevan Lewis*®* ascertained calorimetrically that, while, as a rule, 
the heat production was at first lessened in rabbits by small doses, this 
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was replaced by a considerable increase in heat productioni especially 
after large doses. This was confirmed by E. T. Reichert and H. O. 
Wood**^ in dogs. The greater relative heat- value of large doses is 
obvious in these experiments, and yet, Norris and Smith**® found that 
1.9 c.c. to the kilo of animal increased the excretion of nitrogen two 
per cent., but that 2.3 c.c. per kilo decrefiaed it two per cent. This 
reached nearly nine per cent, when 2.7 c.c. per kilo were used. 

That the waste of heat energy simply inhibits tissue metabolism 
is shown by the diminution of catabolic products. Hammond'*® found 
that alcohol decreased the excretion of urea, chlorine and phosphoric 
acid. Riess**** observed that it lessened the excretion of chlorides, phos- 
phates and sulphates, and to a marked degree that of urea. Rosen- 
feld*** and other investigators, after producing nitrogenous equilibrium 
in man, found the nitrogen elimination distinctly decreased, i.e., lower 
than the intake. Alcohol was undoubtedly the active factor in thii^ 
morbid process, for while A. Ott“® observed an extremely low excretion 
of nitrogen the first day alcohol was used, H. Keller,**** on the other 
hand, found that as soon as the use of alcohol ceased, the excretion of 
nitrogen rose rapidly until it was one gm. above normal — this excess 
persisting three days. Indeed, Miura*'* was led to conclude, by a series 
of comprehensive experiments also showing a marked decrease of nitro- 
gen, that the cITects of alcohol in this particular were similar to those 
of a reduced diet. 

This is equally true of carbohydrates. Miura found that when 
sugar was replaced by isodynamic quantities of alcohol, a low nitrogen 
excretion occurred in subjects placed in a condition of nitrogenous 
equilibrium, but that on restoring the sugar the nitrogenous equilibrium 
was resumed. It is evident, therefore, that alcohol is not a substitute 
for carbohydrates. This accounts for the fact recorded by explorers in 
the Arctic regions, that the use of alcohol greatly reduced tlieir resist- 
ance to cold. Again, Chittenden**^ found that alcohol reduced oxidation 
in the liver. This he characterizes a pernicious infiuence of which car- 
bohydrates and fats are free. While the latter . bodies are simply 
oxidized into carbonic acid and water and convertinl into glycogen and 
fat, alcohol is not. He concludes, therefore, that this establishes a dis- 
tinct line of demarcation between alcohol on the one hand and carbo- 
hydrates and fats on the other. And this applies to the rest of the 
organism as well. Briefly, in the words of Woodbury and Egbert,*^® the 
physiologi('al action of alcohol on the human body is destructive, but 
never constructive. 

Untoward Effects. — The first stage of alcohol poisoning, 
that known as drunkenness, may be provoked by varying doses, 
small quantities sufficing, in persons unaccustomed to its use, 
to produce phenomena which only occur after the ingestion of 
large quantities in habitual drinkers. 

When a so-called ^^stimulating” dose of alcohol is ingested, 
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it liberates heat-energy wliile being oxidized by the adrenoxi- 
dase in the blood, and the quantity of energy thus liberated is 
in excess of that produced normally by the interaction of the 
adrenoxidase and nucleo-proteid.* An artificial exacerbation 
of metabolism being thus provoked in all tissues, the contractile 
power of the cardiac and vascular muscles is correspondingly 
increased.* As a result, the heart-beats and pulse become 
stronger and more frequent, and the blood-pressure is raised, 
the blood being projected forcibly into all capillaric?s. Tlic 
latter being passively dilated and congested, tlie well-known 
flushed face and eye, the warm skin, the strong and rapid pulse, 
the cerebral excitement which prompts to garriilonsness, bois- 
terousness, outbursts of anger, etc., and the temporary aug- 
mentation of physical strength, arc produced. 

When a depressing dose is taken, this stage is soon antagon- 
ized in two ways: (1) The alcohol and adrenoxidase being 
free in the blood, while nucleo-proteid is secreted in the latter 
by leucocytes only as needed,* the reducing action of the alcohol 
deprives the adrenoxidase of oxygen which it should supply to 
the tissues.* Metabolism being impaired in proportion, and the 
nerve centers, general and subsidiary (including the vasomotor 
centers), and the muscularis of all vessels receiving partially 
reduced blood,* general vasodiktion (including relaxation of 
the cutaneous arterioles) follows, and the capillaries of all 
organs, including the skin and brain, are the seat of a passive 
hyperasmia. The pulse is still full at this stage, but easily com- 
pressed. 

The exacerbation of muscular power coincides, as is well known, 
with the period of cerebral excitement and with the characteristic con- 
gestion of the face, eyes, etc. Cushny"* writes: “The flushing of the 
skin, which occurs in alcoholic intoxication, would seem to point to some 
vascular action, but it is impossible to say at present what the nature 
of this action is. It indicates dilation of the skin vessels, but whether 
this is of central or peripheral origin, whether due to stimulation or 
dilator centers or paresis of vasoconstrictors, it is impossible to say.” 
As Claude Bernard pointed out that marked hyper®mia of the brain 
was also present, the cause of this phenomenon may be said to be as 
obscure as that of the facial hyper®mia; and this applies as well to 
the muscular erethism. 

Castillo,*** Binz,*'* Eagleton,**^' Kochmann*** and others have wit- 
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iie0i[|(kl blood-praBurie referred to. Abel,"* 

Bbsenfeldi aiid others did not b^erve it; while the third 

e ase, vtfibdilation, wa,8 noted by 2immerberg,"* Gutnikow,’" Pftss- 
Bchiile^ and Bosenfeld. The fact that all three phases may 
oecut^ as shown atbyS, ocoounts fphthe contradictory results recorded 
b^ various investigators. 

That the vasoconstrietion is due to augmentation of the metabolic 
processes in the vascular walls by the direct action of the alcoholized 
Mbod is also indicated 1^ the fact tiiat these investigators, Wood and 
Hoyt,"* noted that alcohol ''elevate the blood-pressure after vasomotor 
paralysis from section of the cervical cord.*’ Their experiments tended 
to Bhow% moreover, that the cerebral excitement and increased activity 
were due "to the enormously increased flow of blood running riot through 
the cetobrum.” Hemmeter"* likewise observed a marked increase in the 
rapidity of the blood-flow^ and a still greater one when more alcohol 
was administered; in some of Wood and Hoyt’s experiments the speed 
of the current increased 33 per cent. The red face and the still redder 
nose and eyes of the common drunkard attest to the fact that after the 
prolonged use of alcohol the arterioles may remain dilated. Finkeln- 
burg'" found, by introducing a trocar between the vertebres, that the 
cerebro-spinal pressure was considerably increased. 

As to the influence of the general vasoconstriction upon the capil- 
laries, Koohmann”* found experimentally that "in moderate doses 
alcohol increases the vascular tension ; when the rise is at its maximum, 
toe peripherar vessels are dilated.’’ He noted, moreover, that the latter 
effect was produced "even when the doses are too weak to cause an 
increase of vascular tension.’* 

The influence of large doses is shown by the experimental observa- 
tion of Wood and Hoyt"* that "sometimes no effect was produced until 
the alcohol had been given in sufficient amounts to reduce the pressure.” 
Vasodilation may also occur under the influence of small doses. Thus, 
Kello^"^ states that "the full bounding pulse usually produced by the 
admimstration of an ounce or two of brandy properly diluted, gives the 
impression of an increased vigor of heart action, but it is only neces- 
sary to determine the blood- pressure by means of a Riva-Rocci instru- 
ment, or 'Gaertner’s tonometer, to discover that the blood-pressuib is 
lowered instead of raised. This lowering may amount to twenty -or 
thirty millimeters, or oven more.” 

While the varying effects produced by alcohol indicate that it has 
no direct action on the vasomotor center (which would always be 
influenced in the same way) they suggest, on the other hand, that it is 
due to an intravascular chemical process. Cabot"* found that aJebhoV 
did not influence the temperature in febrile cases, as shovm by 
measurements taken by him before, during and after its administra- 
tion — an observation confirmed in animals by Wood and Hoyt, ^is 
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is readily explained by the affinity of alcohol for oxygen. Fever being 
accommnied by a marked increase in the blood’s oxygen ratio, the 
alcohol can be oxidized at the expense of the surplus of this gas and 
be itself consumed in the febrile process without appreciably modifying 
existing conditions. In the healthy individual, however, the conditions 
are reversed; there is no excess of oxygen in the blood, and the latter’s 
oxygen being in part consumed by the alcohol, functional disturbances 
■Occur, i.e.f inadequate tissue metabolismj as shown by the reduced excre- 
tion of CO| and nitrogen, lowered heat-production and temperature and 
other morbid phenomena reviewed. As it is only in healthy individuals, 
therefore, that the variations of blood-pressure have been observed, and 
since these cannot be ascribed to a direct action of the alcohol upon the 
vasomotor center, they must be ascribed to a chemical process in the 
blood itself, t^e., in the vessels. 

This is further shown by the fact that alcohol so modifies the 
blood’s physical properties that its access to the tissues is hampered. 
Thus, Bouchard‘S atatt»s that alcohol, owing to its feeble osmotic power, 
inhibits nutrition by delaying the penetration of plasma into the cellular 
elements. Burton-Opitz’*^ found that it reduced the alkalinity of the 
blood, and rendered the latter abnormally viscid. Even the adrenoxi- 
dase, a globulin, must lose some of the fluidity so essential to its cir- 
culation in the cellular elements, since, as staled by Halliburton, “it 
can be shown that the globulins retjuire a lower percentage of alcohol 
to precipitate them than the albumins.” 

Cellular metabolism being now inhibited to a marked de- 
gree,* the sthenic symptoms are replaced by general asthenia and 
maudlin hebetud(3: the skeletal muscles become relaxed and 
unable to respond adequately to nervous impulses. The gait 
becomes staggering, the movements irregular and uncertain, 
the speech thick and difllicult, and the eyes half closed owing to 
relaxation of the palpebral muscles. 

Alcohol being converted by oxidatioji into water and car- 
bonic acid and the excretion of the latter being interfered with 
through the increased viscosity of the plasma, an asphyxia-like 
condition, sometimes attended with beginning cyanosis, is initi- 
ated. This finally causes the patient to fall into a deep tor- 
pid slumber accompanied by stertorous breathing, due to relax- 
ation of the palatal muscles. 

The blood is depicted to such a degree of its oxygen in the larger 
vessels that it is practically venous on reaching the minute intcreclliilar 
capillaries. The experiments of Warren P. Lombard,^* Dastre,*” 
Horsley,^" Destr^e,**® Scheffer^" and others have shown that alcohol 
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caused, at first, an exacerbation of strength, wliich was soon replaced 
by marked weakness if the dose was sullicient, and that large doses 
invariably reduced the muscular power. That the adynamia is not due 
to the direct action of the alcohol on the muscle fiber is shown by the 
statement of Cushny’s”*^ that “alcohol has no effect on muscle or on 
peripheral nerves when it is carried to them by the blood.” The period 
of increased muscular power is due, we have seen, to passive hypereemia 
of the muscular elements, a fact which indicates that it is fictitious: 
Indeed, as shown by Destr^e and others, fatigue soon sets in and 
becomes marked. This accounts for the fact that troops deprived of 
alcohol stand long marches with much less fatigue than those supplied 
with it. This was emphasized anew recently by Beyer”® and Fritig. 
The latter observer states that since Dutch oflicers and men were given, 
in 1898 , the option of drawing the money value of their alcoholic ration, 
the many who ceased to use alcohol have shown a noticeable increase 
in their resistance to fatigue and disease. Conversely, those who con- 
sumed alcoliol, while competent for duty during peace, quickly suc- 
cumbed to these conditions during active service. Alcohol thus debili- 
tates the muscular system even when not taken in toxic doses. Abel”* 
states that “we have no experimental grounds for believing that small 
or even moderate quantities of alcohol exercise any beneficial direct 
action on the muscles of man and warm-blooded animals.” 

The third stage includes the symptoms witnessed in indi- 
viduals said to be ‘^dcad dnink.’^ Here an entirely diflcrcnt 
order of phenomena is observed. The patient is unconscious, 
pale or perhaps cyanotic, and his surface is insensible and cold. 
All the senses arc in abeyance. The pulse is thin {ind compres- 
sible and the temperature sometimes extremely low. Tin's con- 
dition may continue several hours — cases in whudi it lasts over 
twelve hours being usually fatal — and gradual recovery occur, 
or the respiration may become distant, feeble and shallow, and 
death ensue from arrest of tliis function. 

^riiis is due not only to the physical alterations and viscid- 
ity of the blood, but also to its accumulation in the large cen- 
tral trunks, especially those of the splanchnic area. The peri- 
pheral organs, including the brain, being partially depleted, 
their functions are almost in abeyance. When this reaches a 
certain limit the two lobes of the pituitary are themselves ren- 
dered sufficiently iscliamiic to paralyze their functions, and 
death ensues. 

A small quantity of alcohol added to sea-water containing very 
young fertilized sea-urchin eggs delays markedly cell-division and gas- 
trulation, and so impedes the motility of the mesenchyma cells that the 
development of the skeleton is markedly impaired. This is due to the 
deprivation of what oxygen the nleohf)! (‘onsiirnes, metabolism in the 
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cellular elements being correspondingly slowed. The action of alcohol 
on. the human tissue-cell differs in no way from that on the eggs of 
the sea-urchin. Possessed of a marked aitinity for water, it is rapidly 
distributed throughout the blood-stream and at once enters upon its 
deadly w'ork; the degree of harm done being comniensuratc with tho 
quantity thus disseminated. 

Another feature of the morbid process forcibly asserts itself at 
this stage of poisoning. As is well known and as recently emphasized 
by Hodge, traces of alcohol suffice to inhibit the growth of yeast. 
Dastre,‘“ on the other hand, found that while soluble ferments could 
exercise their speeiffc action in relatively strong solutions of alcohol — 
15 to 20 per cent, in the case of trypsin — the blood's soluble ferments, 
including fibrin ferment, are but slightly soluble even in very w'cak 
solutions of alcohol, t.c., 4 per cent. The fibrin ferment being, as 1 have 
shown, the adrenoxidasc, it follows that ^ the large quantity of alcohol 
ingested in the production of the third stage not only dis])o.sses.scs this 
substance of the oxygen it should carry to the tissues, but that it 
actually paralyzes it. 

It is when bereft of its vitalizing properties, tlierefore, that the 
blood reaches the nerve-centers. Indeed, that alcohol is a paralysant 
of the nervous system has been strongly urged by Bunge, Schniicdc- 
berg,*”*’ Ach and Kraepelin,^** Crothers"" and many other investigators, 
while Dogicl found that large doses depressed markedly not only the 
motor, but also the sensory iierA'c-centers. This necessarily applies to 
the moat sensitive of them all, those of the pituitary body. The very 
source of the body’s pabulum vUiV is thus rendered sterile, since the 
adrenals must soon cease to functionate ns well as theur center. 

The treatment of alcohol poisoning ia described in a special 
section at the end of tliis volume. 

Therapeutics. — ITie present eoneef)tion of tlie therapciitie 
value of ethyl alcohol in disease is based on a misinterpreta- 
tion of the role of the kinetic energy yielded while this agent 
is being burnt in the body.* The claim that it is an albumin- 
saving food, the value of which c*orrcs])onds with its dynamic 
equivalent of pure food hydrocarbon, falls, when the process 
through which it saves albumin is taken into consideration. 
To rob the blood of its oxygen is an albumin-saving process, 
but at the expense of cellular life;* to increase the viscidity 
and decrease the alkalinity of the blood is an albumin-saving 
process, but by inhibiting life.* On the other hand the kinetic 
energy it liberates in the form of heat contributes nothing to 
the vital process.* Alcohol, therefore, is valueless as a food. 

Evidence to this effect has already been submitted. This view is 
further emphasized from another standpoint by Winfield S. ITair*^ in 
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the followiiij' words: “Ethyl alcohol possesses several characteristics 
in common with the carbonaceous foods, e.g. (1) it is composed of 
C, II and O; (2) it is readily oxidized in the liver, yielding COj and 
H 2 O, which arc excreted; (3) it yields heat incident to its oxidation, 
and this heat iialurally augments the body income of heat; (4) inges- 
tion of ethyl alcohol leads to a decrease in the catabolism of carbona- 
ceous foods, and may even ‘spare’ proteins. 

“In this connection, one must not lose sight of the following facts: “ 
(1) All vegetable toxins and alkaloids arc composed of the same kind 
of chemical elements as enter into foodstuirs, viz., C, H, O and N. (2) 
Toxins and alkaloidal poisons in general are oxidized in the liver through 
the ageiK'y of oxidases, whose function is to oxidize, and thus to make 
harmless, substances which would act as protoplasmic poisons on all 
cells witli whicli they come in contact. When moilerate amounts of 
such toxins are taken the defences of the system are suiUcient to reduce 
them to a harmless condition and no immediate uijiiry results. If 
larger (piantities are ing(‘ste(l the full drug elTect (narcotic in the case 
of alcohol) is immediately experienced, the oxidases of the system being 
unable to defend it against a large dose. (3) All oxidation yields heat, 
whether it is a normal cataljolisni or a protj*ctive oxidation. That the 
heat from tlie oxidation of alcohol is not a normal catabolism for the 
purpose of heat liberation is evident from the fact that, notwithstand- 
ing the liberation of heat through oxidation of alcohol, the temperature 
of the body falls, because of increased loss of heat from the surface. 
This increased loss is due to dilatation of peripheral vessels. (4) 
Decreased catabolism of carlionaceous or nitrogenous foods following 
ingestion of a narcotic is a universal fact depending on the drug eliect 
and giving to the oxidized narcotic no signilicance as a food. It may 
he said without r(?servation that ethyl alcohol is not a food in the scien- 
tific significance of the word.” 

In small doses, alcoliol, by supplementing tlio heat energy 
normally produced (through the inleraetion of adrenoxidase 
and nuclco-|)roteid*) with the artilieial energy liberated while 
it is being oxidized, aiiginents momentarily the activity of nieta- 
holism* and the antitoxie activity of the blood. Its action, 
in this eoniieetion, becomes serviceable when, after exposure to 
cold and dam|), the accumulation of toxic wastes under the 
skin (through the depressing etrect of cold upon cutaneous 
metabolism*) and other conditions which render the body vul- 
nerable to disease, a prophylactic is demanded ; or to counter- 
act promptly (especially if given in warm water) the toxic 
(vffects of depressing poisons, such as plomains, vemons, chloral, 
verntrum viride, mushroom poisoning, etc. 

As to the use of alcohol in febrile diseases, however, its 
physiological action is such as to interfere with the blood’s 
defensive processes.* The belief of its advocates that it does 
good by lowering the temperature, the blood-pressure and the 
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pulse-rate, is based on tlie view that fever is a pathological 
phenomenon. In truth, fever is the expression of tlie body’s 
power to defend itself; and if enough alcohol is givi'ii to lower 
the temperature, it can serve only to disarm Nature’s own 
weapons.* 

G. ■Rubin''^^ found experimentally that alcohol decreased decidedly 
the resistance of animals to infection. No organic lesions were present, 
and it appeared to weaken directly the substance or substances that 
inhibited the growth and toxic action of bacteriia, and which s(?emcd 
to be derived from the leucocytes. These cells themselves appeared to 
be morbidly inilueiiced. 'I'hc two pha'ses of the action of alcohol on 
the^ immunizing process — the primary ephemeral spurt of antitoxic 
activity,^ and the secondary and marked de|)ressing influence — are well 
exemplilied in the following <piotatinn from H. (j. Wood’s treatise 
“Hinz'“ found that alcohol increases the resistive power of the dog to 
septic material, but his experiments seem to have heen too few to be* of 
value. In an incomplete research, II. A. Hare and M. H. Pemiington'’* 
found that alcohol increases the bactericidal prop<*rty of the blood at 
least against some pathogenic organisms. Gruber*''® aflirms, as the 
result of experimentation, that the frequent administration of small 
do.ses of alcohol to guinea pigs, injected with hsicilliis prodigiosus, pro- 
longed life, and in some instances even hroiight about restoration. 
Opposed to these results are those of various investigators. Doyen*'" 
and Thomas^” both found that alcohol increases the liability of iinimals 
to infection with cholera. Abbott,*'" nsing streptococcus pyogenes, 
bacillus col i, or staphylococcus ])yogenes aureus, h)und that tin? alcohol- 
ized animals died with much more certainty than did those of the con- 
trol experiments, in which no alcohol was givim. Delearde'®** rea(!hed 
the result that alcohol destroys the immunization of rabbits against 
tetanus and anthrax. Laitinen,*'*'* in a very elaborate res<‘arch upon 
three hundred and forty-two animals, representing six species of mam- 
mals and birds, using anthrax, tubercle bacilli, and diphtheria toxin, 
arrived at the conclusion that alcohol diminishes very distinct ly the 
resistance of the bo<ly towards infections. Pawlowsky”**^ foumr that 
alcoholized animals reacted much more freely to staphylococcus citreus 
than did the normal animal. Kdgler and ’ Gruber'**- determined that 
alcoholization increases the mortality of animals infected with the pneu- 
mobacillus. Goldberg*'*'* came to a similar conclusion in regard to the 
inlluenee of anthrax on pigeons. Ausems**** found that the administra- 
tion of alcohol in small doses to rabhits before infection diminished 
their resistance.” Although the results of both sets of observers har- 
moiiize with my views, the fact remains that those who found that 
alcohol inhibited the protective functions arc <l(Mudt*dly in the majority. 
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BROMIDES. 

(Bromides of Potassium, Sodium, Lithium, etc.) 
Physiological Action. — 'I'lie primary effect of potassium 
bromide is to depress tlie functional activity of the general 
vasomotor center and thus to cause relaxation of all vessels pro- 
vided with a muscular coat.* The large central vascular trunks 
accommodating more blood, the capillaries of all organs, particu- 
larly those of brain and akin, arc more or less depleted and 
their functional activity is correspondingly lowered.* Hence 
its (piietin^ influence on cerebral excitement and its anaesthetiz- 
ing effect upon the cutaneous sensory and end-organs, the main 
feature of its action as depresso-motor agent.* 

The ephemeral tetanoid condition observed in frogs by Lahorde,^" 
Purser’'” and otliers, when even small doses are injected, is but a proof 
of the relaxation of the arteries. The peripheral arterioles being also 
relaxed, an inllux of hloo<l in the capillaries of the skin takes place and 
the sensory end-organs being suddenly stimulated, they incite reflex 
spasm. But this stage is temporary. As is well known, the spasms 
caused by strychnine in frogs can he preventt^d by anuisthetiKing the 
skin. The depletion caused by the bromides produces a similar aiiffisthc- 
sia. During [loisoiiing, this may become so marked that, as observed 
by Purser in frogs and Eulenberg and Guttmann"’^ in rabbits, the ani- 
mal, though able to jump, may be pricked, pinched or burned, and yet 
show no evidence of pain. The supply of blood to the peripheral capil- 
laries is soon reduced and the true effects of the drug appear. ‘‘After 
a short time,” writes Wood,’"" “this stage of muscular excitement gives 
way to one of great muscular relaxation and total abolition of reflex 
actions” — the capillaries of the contractile elements being themselves 
deprived more or less of bliMid. 

The action on the brain is similar. The cong(?stive stage due to 
relaxation of the ttu'min.al arteries is occasionally witnessed, the drug 
then causing headache, irritability and redness of tongue (Manquat), 
or what has been termed “broinoinania,” cases of which have been 
reported by Voisin, Stark, Kiernan, Moyer, Rockwell, Spitzka and 
others.’"® As a rule, however, the recession of blood occurs before excita- 
tion can take place. As shown by Albertoni”" it so obtunds the sensi- 
tiveness of the cortex that its electrical excitation can no longer pro- 
voke epileptiform convulsions, while Sokolowsky”’ observed that “large 
doses of bromide cause amrmia of the brain.” That this is due to reces- 
sion of the blood, due, in turn, to general vasodilation, is shown by the 
fact that Schouten’” found manometrically that even small doses of 
potassium bromide lowered the blood -pressure. De Floury has also 
observed this phenomenon. A similar effect is caused, as is well known, 
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by dividing the upper part of the spinal cord, I'.c., the general vasomotor 
path, and by removal of the pituitary body, tiu* scat of the gimeral 
vasomotor center. 

The diminution of blood in the capillaries of the various 
organs* impairs their functional activity. The temperature 
is lowered and the sensibility of the mucous membranes and tlu' 
skin is more or less reduced. Mental torpor, defective memory, 
difficult enunciation, somnolence, depression of spirits (lapsing 
at times into melancholia) are also observed in some cases when 
the doses arc frecpiently repciated. Digestion is impaired in 
some subjects, owing to deficient secretion of saliva and gas- 
tric juice. Sexual weakness is often ])roduced, erethism of the 
sexual organs necessitating a marked degree of vascular engorge- 
ment. A similar deficiency of blood in the arUn-ioles of the 
iris* may also cause dilation of the pupils. The eireuhit(n*y 
torpor* in the skeletal muscles may entail muscular relaxation arnl 
weakness; but of all the muscular organs, the lieart suffers 
most from the deficiency of blood,* and its contractile power is 
greatly diminished. This constitutes an additional factor in 
the morbid proc(?ss, since it tends further to ri'ducc both the 
vascular pressure and the speed of the blood-current in th(‘ 
capillary system. 

As shown below, the temperature of the surface is reduced by bro- 
mides — a phenomenon partly <lue to tlie rect'ssion of blood to the deei)er 
vessels. <)uite familiar to all laryngologists is the diminution of sensi- 
bility of the mucous membrane of the pharynx and larynx, which is 
quite perceptible after a single <Iose of .‘JO grains (2 gins.). The cere- 
bral phenomena are also of common observation, dnbler'” found that 
2 to 4 gins. (30 to GO grains) daily suflieed in some <?ases to induce 
melancholia, even in maniacal subjects. Weir Mitehell”'^ and others 
have reported similar instances. Oiniiiiiition of the salivary seeretion 
was observed by Cubler, UabuteaiC^® and other clinicians. As to the 
influence of vascular depletion on the pupil, Landois'^^ states, referring 
to the blood-vessels of the iris, that “everything that diniinishes tlio 
amount of blood dilates the pupil.” As to the role of the heart in the 
morbid process Wood'” concludes that “the fall of the arterial pressure 
is certainly largely of cardiac origin,” though he considers it probable 
that “the vasomotor system also shares the paralyzing influence. of the 
drug.” 

Bromism. — When large doses are administered during a 
prolonged period, the oxygenizing power of the blood becomes 
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inadequate.* ^Phis is due to the fact that, as is the case with 
all organs that are remote Trom the splanehnie area (in which 
the blood accumulates when the vessels are dilated), the pitu- 
itary body also becomes ischainiic, and the adrenals arc inade- 
quately stimulated.* Their secretion being materially reduced, 
the proportion of adrenoxidase formed is insutlicient to satisfy 
the needs of the organism at large, i,c., to sustain nutrition.* 

'J'he condition known as “bromism” appenrs when this 
condition is added to the primary vasomotor paresis caused by 
the drug.* It is mainly due to the fact that, owing to the 
impaired catabolism and to the resulting torpor of the elim- 
inatory functions of the skin, kidney's, intestinal and respira- 
tory tracts, the drug and imperfectly catibolized wastes accu- 
mulate in the system at large. Hence the marked cutaneous 
disorders observed in this condition, the latter varying from 
an erythematous and rubeoliform blush to acne, pustules, fur- 
uncular swellings, more or less extensive iih'ivralions and even 
gangrene — all aggravated by the cutaneous denutrition. A 
typical sign of adrcaial insufficiency* is frequently observed in 
these cases, viz., copper-colored blotches. 

The other symptoms of bromism are but exaggerations of 
those ])roduce(l by smaller quantities of tbc drug.* Mental 
torpor la])ses into stupidity, the facial expression recalling that 
of an idiot. The simses are also gr(»atly weakened. The cyc's 
lose their lustre, and are surrounded by dark rings, and th(' 
pupils are more or less widely dilated. Hallucinations, visions, 
utter listlessness or melancholia with outbursts of mania, may 
precede the ultimate issue, cerebral paralysis. ^Phe muscular 
weakness gradually ])ecomes complete adynamia. ^Phe teinpera- 
ture is greatly reduced, (lie heart’s action is hardly perceptible 
and the respiration becomes cor resfiondi ugly feeble and shallow. 
11ie patiemt gradually sinks into a condition of general impot- 
ence, hardly able even to ingest his food, liable at any moment 
to be carried off by some intercurrent disease, especially pneu- 
monia, or to lapse suddenly into coma, the precursor of death. 

Tlio siction on the adrenal renter ia but a counterpart of that on 
other organa. The inhibition of the functions of the salivary glands 
observed by Onbler, Kal)iiteaii and others, illustrates the action of the 
drug on secretory organs in general. The diminution of saliva merely 
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typifies, therefore, the corresponding effect on the adrenals, t.c., a dimin- 
ution of secretion. The deficiency of adrenoxidase in the blood normally 
causes a reduction of the ttnnperature. Martin-Damourette and Polvet'” 
found that the entire surface was hypothermic. Wood'"" also states 
that in warm-blooded animals, toxic doses of potassium bromide lower 
very decidedly the temperature. This is, in part, duo to the recession 
of blood from the surface; but actual recliiction of activity of all oxida- 
tion processes is shown by the fact observed by Jl. Bill,'"^ that the 
elimination of carbon dioxide from the lungs is markedly decreased by 
large doses. The excretion of urea has been studied by various inves- 
tigators, but with contradictory results — a fact explained by the renal 
irritation, which, according to IMetzer,'"- large do.ses i)rovok(*. Skoog,'"* 
who reported several cases of bromisiii, including some presenting mental 
disturbances, noted that “after a few weeks cellular resistance is low- 
ered, tlic degree depending on the individual susceptibility and amount 
of drugging.” 

The torpor of the blood-stream in the capillaries, coupled with the 
low'crcd oxidizing eHiciemy of the blood itself, favors the accumulation 
of the drug in the systcMii. Wood states that it is undoubtx'dly to be 
found in every tissue of the body, and refers to the labors of Doyon and 
Cazcncuve,'"* conlirmed by those of Fere and Herbert,'"" as showing that 
bromide of potassium “is stored up in the nerve-centers much more 
larg(dy than elsewhere.” The elimination occurs, in ])art, through the 
skin as shown by eruptions, pitstules having been found by (luttmann'"® 
and others to contain the <lrug. The violet areola observed aroiiml the 
cutaneous lesions is characteristic of bromism, according to It 

is doubtless partly due to the deficient local oxygmiation, and the pre- 
cursor of the gangrenous placpies observed by Malherbe,'"** Darnall'**" and 
others. That the salt is also eliminated in the perspiration, the urine, 
and the fjcces is well known. 

The predilection of <‘ases of bromism to pneumonia has bec*n 
emphasized by Fere. Baker""’ ascribes tin? predisposition of cpilopti(\s 
to phthisis to the excessive use of bromides, (hishny"''* states that the 
patient “is, of course, liable to fall a victim to inb*ctious disease,” and 
that “in a number of cases of chronic broniitle poisoning, tin* immediate 
cause of death has been an attack of bronchitis or pneumonia.” 

Acute Poisoning. — Aento iiitoA’ication in abnonnal sub- 
jects who had not previously taken tlie drug is seldom, if ever, 
witnessed. An ounce (30 grammes) has been ingested with- 
out causing more tlian a temporary attack of bromism. A 
sensation of heat in the month, (rsophagus and stomacli, fudid 
breath, intense licadaehc (due to liyp(»r;vmia of the (.'orebral 
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capillaries owing to relaxation of their arterioles*) difficult 
ideation and perhaps aphasia, hypothermia, cutaneous anaes- 
thesia, weakness and irregularity of the pulse with concomitant 
or subsequent drowsiness which may persist several days, and 
be followed by slow recovery. 

Til niaininals, as well as in frogs^ toxic doses cause death by pro- 
voking, as shown by Eulenburg and Guttinan/"'-^ symptoms similar to 
those observed in man, i.e.j general paralysis of all functions. Promi- 
nent among these are the evidence of impaired oxygenation, t.c., lower- 
ing of tlie temperature and gradual respiratory failure, the animal 
dying of asphyxia. The heart is invariably arrested in diastole. 

The treatnicni of bromide poisoning is described in a special 
section at the end of this volume. 

Therapeutics. — The action of the bromides thus inter- 
}) reted, accounts readily for their beneficial effects in the vari- 
ous conditions in which they are generally employed. Though 
their use is to be deprecated* in epilepsy as curative agents, 
since they aggravate the disease by inhibiting catabolism and 
therefore the destruction of the spasmogenic wastes,* the fact 
that the accesses are partly due, as will be shown, to excessive 
vascular tension* (caused by these wastes) renders their em- 
ployment permissible to ward off the attacks. This applies as 
well to teAanm, puerperal eclampsia and kindred disorders.* 
1'he value of the bromides in the various forms of nervous and 
mental excitement is likewise explained, since all nervous struc- 
tures are channels for adrenoxidase.* Excitement being due 
to hyperaMuia of nervous elements, the depletion of these ele- 
ments that general vasodilation insures, affords the required 
relief. 11ic same physiological process accounts* for the value 
of the bromides in abnormal sexual excitement, nymphomania 
for example, in uterine disorders due to local hyperaemia, in 
seminal emissions due to a similar condition of the spinal cord, 
in various subacute inflammatory disorders. 

VERATllCM VIRIDE. 

Physiological Action. — The action of veratrum viride has 
in recent years been said to resemble that of aconite, but this 
certainly is not the case. The symptoms ascribed by the au- 
thors of certain text-books are those of veratrine, an alkaloid 
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derived from Veratrum Sebadilla, and which occurs only in 
traces in suitable preparations of veratrum viride and whose 
effects do not appear even in cases of poisoning by the latter 
drug. Veratrine is an unreliable agent and should not be 
used internally. 

Veratrum viride, on the other hand, is a valuable remedy 
when judiciously employed. By depressing dire(;tly the gen- 
eral* vasomotor center, it ensibles us to lower excessive arterial 
tension and to relieve an overburdened heart. It does tliis by 
causing the blood to accumulate in tlic splanchnic area and 
other great vessels of the trunk. 

Th$ most valuable observations iii)On the action of veratrum virido 
per se arc those of U. C. \Vood/"“ who found experimentally that oiio 
of the effects of the main active principle of veratrum viride, jervine, 
was a “depressing action” upon “the vasomotor centers.” “Tlic cir- 
culatory phenomena,” says this author, “wore primary slowing of the 
pulse with later rapid pulse and a progressive falling of the arterial 
pressure from the beginning to the end.” While it is probable that the 
“primary slowing*’ was due to a slight preliminary stimulation of the 
general vasomotor center, the subsequent fall of blood- pressure could 
not be ascribed to inhibition of the heart, since Wood also says: “The 
slowing of the pulse was not due to any effect on the pmmmogastric 
nerves, the jervine acting as usual after section of these nerves.” The 
central action of the drug is emphasized by the statement that: “As, 
however, asphyxia, not galvanization of a sensory nerve, ])roduces rise of 
pressure in the poisoned animal, it is evident that jervine depresses the 
vasomotor centers.” Pesci’®* confirmed these observations clinically in 
19 cases, all of which showed reduction of exaggerated arterial tension. 
Similar observations have been recorded by others. 

Put this applies only to experimental (and, therefore, relatively 
large) doses of jervine; as shown bedow, veratrum viride contains also a 
small proportion of another alkaloid, veratroidine, the effects of which 
only become manifest when largo doses of veratrum viride are adminis- 
tered. 

The vasodilation produced being commensurate with the 
size of the (therapeutic) dose given, we can at will regulate 
the vascular tension when this becomes excessive; again, as a 
given dose repeated at appropriate intervals sustains the effect, 
we can hold the blood-pressure in check until the danger is 
past. Finally, as the general • vasomotor center recuperates 
promptly when the use of the drug is not too prolonged, the 
depression induced is readily recovered from — which is not the 
case when bleeding, employed with the same ends in view, is 
resorted to. 

• Author's conclusion. 
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II. C. Wood has long maintained tliat veratrum viride replaces 
bleeding advantageously, and that “the patient is bled into his own cir- 
culation” by it. In pneumonia, for instiince, he deems it thc^ best 
remedy at our disposal. This view is sustained by considerable clinical 
evidence. Gilardoni,*"* in an exhaustive experimental and clinical re- 
search, reached a similar conclusion. He found that the eflect increased 
with the dose, but that it was more marked when the drug was given 
hypodermically. No other drug decreased the arterial tension with 
safety to such an extent. In one case, the i)atient took at one dose 
the entire quantity intended for twenty-four hours, and only showed as 
morbid symptoms vomiting and diarrheea. J. B. 'luttle*^' also witnessed 
a case in which a man took by mistake, in the course of an hour, four 
teaspoonfuls of Norw^xal's tincture of veratrum viride instead of four 
drops. Some vomiting, slight pallor and marked weakness were the 
only symptoms observed. 

Untoward Effects. — A large dose of veratrum viride 
brings out the physiological effects of veratroidine, an. alkaloid 
present in too small a proportion in a therapeutic dose to 
provoke morbid effects. These occur in addition to a furtluT 
depressing action upon the general vasomotor center and the 
resulting decline of arterial pressure, vomiting, diarrhoea, some 
hypothermia and cold sweating, all with feeble pulse and 
respiration. 

These are the cases usually met with in practice. Besides the 
instances witnessed by Gilnrdoni and Tuttle, refeured to above, cases 
have been reported in which the foregoing symptoms were* present, by 
Pedigo,"" Brothers/-’® and others. Wood"’" alludes to several instances 
in which teaspoonful dos(*s of the Iluid extract were followed by recovery. 
The other cases mentioned also recovered under appro])riate treatment. 
In an exj)eri mental research, veratroidine Avas found by Wood'"" “to be 
more irritant than jervine, producing usually vomiting and some purg- 
ing.” 

Acute Poisoning. — A poisonous dose of veratrum viride 
introduces new factors in the morbid process. By lowering the 
blood-pressure to an (?x(:*essive degree, the blood is caused to 
accumulate in the large central vascular trunks, now widely 
dilated. This entails lowered oxygenation in all peripheral 
tissues,* as shown by the marked hypothermia present, and 
slowing of the blood-cur rent in all organs. The functions of 
the pituitary body, including the adrenal center, being depressed 
from the same cause, less adrenoxidase is supplied to the blood 
— another feature that entails lowered oxygenation.* As a 
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result of this, toxic waste-products gradually accumulate in the 
blood, and as such wastes violently stimulate the general vaso- 
motor center, causing general vasoconstriction, the specific ef- 
fects of the drug, vasodilation, suddenly disappear. These are 
soon replaced, however, by another cause of general vasodilation, 
i. e., inhihition of the functions of the pituitary body and heart, 
due, as we have scen,““^ to excessive constriction of the arteries 
that supply these organs.* 

The transition stage from the legitimate effects of the 
drug to the phase of inhibition is marked by a clearly-detiiicHl 
sign : the pulse, previously soft and large and somewhat 
more fro(]uent, now begins to drop steadily, until from per- 
haps J)0, it falls to 50, -10, and even 80 per minute. This is 
due to the imu-easing pressure exerted by the blood-stream upon 
the heart.* Another result of the increasing vascular tension 
is violent retching and vomiting, due to the onslaught of blood 
in the gastric vc'ssels, and the resulting retlex (vagal) action.* 

'fhe heart, whose work is markedly increased while its 
nutrition is reduced* (the ischamiia of tlie pituitary aiding the 
latter by depriving the blood of adrenoxidaso*), soon begins to 
yield. While the period of inhibition is only in its inci])iency, 
i.e., while the heart’s action is not very slow, its action may 
suddenly he rendered rapid, weak, and p(*rha|)s irregular by a 
physical exertion. Kven in the absence of such an exciting 
cause, the organ soon assumes this gait — that of impending ar- 
rest. Itelaxation of the vessels, due to loss of the propulsive 
power of the heart, Jiow recurs, ^fhe blood on(*e mon^ receding 
to the deeper trunks,* the skin becomes cold, clan\my. and 
bedewed with cold sweat, and the j)rostration is extreme, ^fhe 
brain likewise being deprived of much of its blood, vertigo, loss 
of vision, and unconsciousness occur in rapid succession. 
Finally, the pituitary and heart-muscle receiving an iiisufli(*ient 
amount of blood to subsist,* the pulse becomes thready and then 
imperceptible, the heart ceasing its work in diastole. I'his is 
preceded, however, by arrest of the respiration, owing mainly to 
the fact that the venous blood is no longer projected with suffi- 
cient vigor to the pulmonary alveoli to be (wposed to the air.* 

Briefly, wo have (1) recression of blood to the deep chan- 

• Author’s eowfluslon. 
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nels; (2) accumulation of hypocatabolized wastes in the peri- 
pheral and cerebro-central capillaries; (3) excessive excitation 
of the general vasomotor center and general vasoconstriction; 
(4) lethal vasomotor inhibition of the pituitary and heart. 

H. C. many years ago, and again recently with H. C. 

Wood, Jr.,'"® found that when given hypodermically in toxic doses, vera- 
troidine “caused an enormous rise of blood- pressure.” This could not 
be ascribed to a direct action of the drug on the vasomotor center, but 
to deficient oxidation, since the author found Unit “it did not occur when 
artificial respiration was maintained” — a procedure which greatly in- 
creases the air intake. He ascribes it to “centric asphyxia,” but wo 
have seen that the phenomena ascribed to the inert CO2 are in reality 
due to toxic waste products. Again, the cardiac inhibition was evi- 
dently the cause of the lethal phenomena, for IT. C. Wood and H. C. 
Wood, Jr., referring to the- former’s earlier articles state that “in these 
it was noted that the veratroidine was an extremely powerful stimulant 
to the inhibitory nerves, so that it was possible to produce by it a 
cardiac arrest which was inimediat<dy put an end to by section of the 
vagi.” Finally, if the lethal vasodilation is due to inhibition, and not 
to the vasomotor depressor jervine, a dose of the violent vasomotor 
stimulant veratroidine should counteract it. Wood states that “an 
animal, apparently dead, could be restored to life by vagal section, or 
by giving more of the poison** referring to veratroidine. 

TJje treatment of veratrum viride poisoning is described in 
a special section at tlie end of this volume. 

Therapeutics. — In the incipient stage of pneumonia when 
excessive general vasoconstriction* tends to asphyxiate the pa- 
tient by gorging his lungs with blood, veratrum viride in small 
therapeutic doses, given frequently until dyspnoea is relieved 
and the pulse is less tense, is a life-saving measure by causing 
general vasodilation and relieving the heart of undue resistance. 
It is of especial advantage in plethoric subjects. Veratrum 
viride is also of value in convulsive disorders, such as puer- 
peral eclampsia and epilepsy ^ to prevent convulsions, which are 
due in part to excessive vasoconstriction and hyperaemia of the 
cercbro-spinal system.* It should be regarded only as a palli- 
ative, however, since it tends to encourage hypocatabolism and 
the accumulation of spasmogenic toxic* wastes in the blood. 
Veratrum viride is also of value in localized inflammatory pro- 
cesses such as cerebritis, meningitis,, pleurisy, and peritonitis, 
to antagonize excessive hyperaemia. By causing general vasodi- 
lation it is also advantageous in aneurism, especially vrhen there 
is danger of rupture. 

• Author's conclusion. 
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ACONITE. 

Physiological Action. — In therapeutic doses, aconite de- 
presses the sympathetic center and causes general dilation of 
the arterioles.* An excess of blood being admitted into the 
capillaries, passive* hypersemia is produced. Small doses infre- 
quently repeated may thus cause a slight feeling of warmth; if 
frequently repeated, or if full doses are given, a characteristic 
symptom appears, viz., tingling, or prickling, felt at first 
either in the nose, lips, tongue, or finger-tips, and due to hyper- 
aunia of the sensory terminals of the skin and mucous mem- 
branes.* 

The prevailing view iliiit aconitine eansea the characteristic ting- 
ling by a local action of the remedy on the sensory terminals involves 
the assumption that — inasiuuch as V.i.i grain (0.001 gm.) of aconitine 
caused Dr. ^Meyer’s death, and also that of a case reported by LOpine®'*^ — 
a solution of 1 in 8,000,000 (basing the calculation on only 16 pounds 
of blood and disregarding tlie lymph-v(*ssels into which the plasma is 
constantly flowing) is the active factor in the process. Granting even 
that it has run safely the gauntlet of the antitoxic substances of the 
blood, this view does not appeal to reason. Especially is this the case 
when we take into account the fact that the tingling develops into 
hyper®sthesia, as it does at times in experimental animals, who jum]) 
al)Out to avoid contact of their feet with the floor and show evidences of 
severe pain by their cries, and the fact that severe ne\iralgic pains occur 
in some cases of poisoning. Those eATects arc obviously o\it of all pro- 
|)ortion with the strength of the .solution. On the other hand, we have 
a thoroughly logical explanation of these phenoimma — and concurrently 
of all the other symptoms enumerated in the general text — in the sud- 
den flooding of sensory elements with arterial blood. The dilation of 
the arterit)les is generally recognized; Shoemaker, for instance, states 
that “owing to the lowering of the hlood-pressiirc and the dilatation of 
the arterioles caused by the aconite, the heat of the body is at first 
brought, with the increased hlbod-flow, to the surface.” 

Untoward Effects and Poisoning. — Wlion a large dose of 
aconite or aconitine is taken, this passive hyperjemia provokes 
a sensation of warmth throughout the body, including the skin, 
mouth, pharynx, and stomach, and redness of tlie face. This 
is accompanied by the characteristic symptom, tingling, which 
may now spread over large areas — owing to flooding of the sen- 
sory terminals with adrenoxidase-laden plasma.* ^Flie nerves 
themselves, especially the upper division of the fifth pair, may 
also become hypenumic,* and cause acute lancinating pain. 
Among other symptoms observed that are ascribable to this 


• Author* H concluHion. 
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cause* arc cephalalgia, tiiiuitus anrium, photophobia, dilation 
of the pupil, increase of cardiac power and of respiratory 
activity, salivation, nausea, vomiting, and pruritus. 

Such a dose may introduce another morbid factor, i.e., 
depression, then paresis of the test-organ, and through it of the 
adrenal center. The pro|X)rtion of adrenoxidase being corres- 
pondingly reduced, general liypomctabolism follows in all tissues, 
including the walls of the arteries and heart. 

“In the very beginning of aeonite poisoning,” writes Wood, “the 
bodily temperature may rise slightly, but in severe poisoning a very 
proiiouiieed fall occurs.” The relationship of paralysis of the adrenal 
functions with this phenomenon is not only suggested by the role of 
tlieir secrc‘tion in general oxygenation, but also by the concurrent “fall 
of the arterial pressure, wtiich,” as stated by Wood, “progressively 
increases to the end.” Now, Strehl and Weiss-*"'* found that after 
removal of one adrenal, the blood-pressure fell 4 or 5 m.m. Hg., but 
that when tiui second adrenal was rejnov(*d, tlui blood -pressure fell at 
oiiec 20 or .‘10 m.m. and continued to fall till dc^ath ensued. More- 
over, clamping of the adnuial veins — through which the secretion passes 
to the blood — caused the pressure to fall, while their release at once 
caused it to rise. What paralysis of the adrenal center means under 
such conditions is self-evident. 

Several investigators, jloehm and Wartmanii,*^' fiuilland-'*" and 
others hold that aconite causes a rise of the blood-])ressure. Hut, as 
stated by Wood,**"® the stimulating action of the drug on the vasomotor 
system is not proved by their researches. lntev])rc*ted from my stand- 
point, these investigators observed the intercurnmt rise? which j)reeedes 
convulsions. Hut as the latter are due to toxic waste products of hypo- 
catabolisin (owing to their imperfect elimination from the spinal sys- 
tem, an incident of the local isclucmia), we cannot incriminate the drug. 
Another misleading factor is the sup])osed physiological inhibition of the 
heart by the' vagus. We have seen that this ])henonienon is a morbid 
one, ami that the nerves the vagus supplies to the heart are vasomotor. 
Hence the preliminary slowing by an excess of blood admitted into the 
heart ami the subsequent tachycardia due to general- vasodilation. 
(Marey’s law). 

When the dose is sufficfieiitly large to prove fatal, the capil- 
lary hyperaania is promptly sijccee<lcd by capillary ischmiuia, 
caused by retrocession of th(» blood from all capillaries, and its 
accumulation in the deeper and widely dilated trunks, especially 
those of the splanchnic area.* This is due to the arrest of 
adrenal functions and the resulting dei)ression of metaboMc ac- 
tivity in the muscular layer of all vessels.* 

This inaugurates the stage of general depression and finally 

• Author' H conclusion. 

-“•"Strehl and Weiss: rniiger’a Archiv. IM. Ixxxvl, S. 107. 1901. 

Boehm and Wartmanu: Arbeit physiol. Wurzburger Hochsehule, Bd. i, 
S. 93, 1872. 

^Quilland: Arch, de physiol, norm, ct path., 2 s^rie, vol. il, p. 766, 1875. 

209 Wood: Loc. vit., thirteenth edition, p. .382, 1906. 



ACONITE. 


1349 


collapse. The patient complains of great weakness, and of 
feeling cold and numb, the peripheral sensitive organs being now 
depleted of their blood. The surface is generally bedewed with 
sweat, the pupil is dilated, vision and hearing become impaired 
and towards the close may be lost, though the intellect remains 
clear. 

The pulse, at first slow, becomes i-apid when the greater 
arteries arc dilated (Marcy’s law).* Any exertion at this time, 
such as sitting up, etc., may cause cardiac arrc'st. Hie irregu- 
lar action finally lapses into deUrinm cordis, and the heart’s 
intrinsic circulation* soon becomes sufficiently reduced to para- 
lyze its Functions. 

Hie respiration, slightly increased in activity at first, soon 
becomes slow and shallow, expiration being Followed by a long 
pause. Cyanosis and other signs of asjdiyxia, oFten prcccMled by 
a feeling of tightness about the throat and convulsions, then 
appear, the precursors of death. 

All this entails tlio conclusion that it is upon the centers that the 
drug acts. Lahordo and Duquesiicl/’'*' J-iegeois and irottot’*^" long ago 
furnished experimcjital evidence of this elToet. (^ushny"'-- also refers 
repeatedly to a central acMon of the drug. Thus, he states that “the 
respiratory ayiuptoins arc certainly of central origin, though their 
explanation is still unknown.” Again: “Death is due to paralysis of 
the res])iratory center from the direct action of lh(» poison.” The 
“respiratory center” heing, from my standpoint, the mlrenal center, and 
the adrenals ceasing to ])roducc their secr(*tion, respiration hccomes 
impossible, rnshny states that “the paralysis advances much morn 
rapidly in the respiratory (;enter than elsewhere, and death occurs from 
asphyxia.” Cash and Dunstan"* state that death in mammals is due 
“to central respiratory failure.” 

^riie treatment of aconite poisoning is described in a special 
section at the cud of this volume. 

Therapeutics. — Aconite has been used considerably For the 
arrest of colds. Its value in this connection is accounted for by 
the fact that it dilates the |)eriphcral artei‘iol(‘s, and thus allows 
a greater volume of blood to ])enctrate the capillaries and to 
ex(;rcisc more efi'ectively its antitoxic action.* It is also bene- 
ficial in neuralgia and migraine when the hlood -pressure is ele- 

• Author's conclusion. 

Labordo and Duquosncl: "Des Aconlts et de I’Aconltlne,” p. 103, 1883. 

LiOgeola and Hottot: Brown-S^quard’s Jour, de physiol., vol. Iv, p. .'i20, 

1861. 

2^®* Ciishny: f^oc. clt., fourth edition, pp. .329 ot seq., 1906. 

213 Cash and Dunstan: Proceedings Royal Soc. of London, vol. Ixil, p. 338, 
1898. 



1350 INTERNAL SECRETIONS IN PHARMACODYNAMICS. 


vated, thus driving the blood into the diseased nerves ;* under 
the influence of aconite the general lowijring of the vascular ten- 
sion, which the dilation of all the arterioles of the body entails ,* 
thus relieves the pain. 

Aconite has been used in sthenic pneumonia to diminish 
the threatening asphyxia and relieve the heart, but veratrum 
viride is a better remedy for this purpose, since it depresses the 
vasomotor center* and relieves the pressure more effectually. 
It has been used in fevers of various kinds, but a better know- 
ledge of the immunizing value of the febrile process has caused 
its use to be largely abandoned. 

. AMYL NITRITE. 

Physiological Action. — Amyl nitrite, by stimulating the 
sensory end-organs of the fifth pair in the upper respiratory 
tract, while inhaled, causes reflexly a slight rise of the arterial 
tension by stimulating the sympathetic center;* but this effect 
is almost immediately replaced by gem^ral vasodilation begin- 
ning with the arterioles, due to the characteristic physiological 
effect of the drug: depression of the sympathetic center.* 

Ciishny*^ states that “in the beginning’’ and “from irritation of 

the nasal sensory terminations” “tlie blood-pressure may rise 

and the heart be slowed from reflex action on the inhibitory and vaso- 
constrictor centers respectively.” Reicliert^'® also noted a primary stim- 
ulation. Wood'*® states that “our present physiological evidence justifies 
the belief that very small quantities of amyl nitrite primarily stimuhito 
the heart, although it is <leiiionstrated that in moderate, or largi* 
amounts the drug respectively depresses or paralyzes the heart-muscle.” 
(Conversely, Vaquez'-'^ observed that a small dose inhaled by an individual 
'whose arterial tension is moderate reduces the arterial tension by from 
40 to .50 m.m. llg., while a large dose lowers it by from 70 to HO m.ni. 
The primary stimulation is, therefore, but a preliminary incident duo 
to the drugs irritating action upon the resj)iratory passages and inde- 
pendent, therefore, of its true physiological effect. 

When a full or excessive dose of amyl nitrite is inhaled, the 
relaxation of the arterioles produced causes the capillaries of 
all organs, including the central nervous system, to become 
overfilled v.ith arterial blood, i,e,, passively congested. The 
face, neck, and upper portion of the body become flushed ; severe 
and sometimes violent headache, with confusion and perversions 
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of color sense (objects appearing yellow), is complained of; the 
heart beats forcibly, tlie respiration is likewise accelerated and 
deepened. When moderate doses are used these phenomena 
gradually subside. 

This stage of peripheral hyperaunia cou’d not occur if tlie 
larger vessels, especially those of the splanchnic area, were like- 
wise dilated, since the blood would accumulate therein, and 
cause iscluemia of the peripheral capillaries.* This is what takes 
place under the influence of large doses, those which likewise 
depress the vasomotor center. Another factor is superadded 
under these conditions, however: depression of the adrenal cen- 
ter either through direct depression of its functions or through 
ischaunia of the pituitary body.* The blood being thus rendered 
poor in adrenoxidase while the capillary streams arc greatly 
reduced in volume, their blood is rapidly reduced, i.f?., rendered 
venous by the tissues.* Hence the fact that marked hypo- 
thermia and cyanosis occur under the influence of large doses. 

The effects of the drug appear very promptly. Within a minute 
of the inhalation, according to Hale White,*'** *** the arterioles ‘‘may 
actually be seen to widen in the ear of a rabbit or in the retina.” 
Similar observations liave been recorded by Amez-Hroz,"® Gaspey,**® 
Aldridge,”' Bader and others. Francis Hare”* also ascribes the action 
of amyl nitrite to “widespreUvl, if not general, peripheral vasodilation,” 
and holds that “this action is alone sufficient to explain the therapeutic 
effects which have been or may be observed in a number of clinically 
diverse affections,” This is doubtless true in so far as the average dose 
is concerned. 

The effects of large doses on the general blood- pressure are well 
shown in the following quotation: Nothnagel and Rossbaeir-"* state 
that the cutaneous vessels arc not alone dilated; one may also see the 
vessels of the deeper organs, those of the pi a mater, for example, are 
dilated, and may thus become twice or three times their normal diameter 
(Schuller, Schramm).” Cushny”‘ staters that both the arteries and 
veins are widened “very considerably under the innuence of the drug,” 
and that “the vessels of the abdominal organs and t^e brain are more 
affected than those of the extremities.” Again, as wdll be shown under 
Nitroglycerin, dilation of the arterioles only does not cause an appre- 
ciable fall of the blood -pressure, while, as stated by Nothnagel and Uoss- 
bach, amyl nitrite may cause one of iiO m.m. and considerably below 
that as shown recently by Vaquez.”® 

The promptness with which cyanosis occurs is not fully accounted 
for by the cutaneous ischiemia, since other drugs which depress the 
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vasoiTiotor center do not produce this effect. The fact tliat the adrenal 
functions are likewise inhibited is suggested in various ways. Accord- 
ing to VVood,'*'^ amyl nitrite “reduces most remarkably animal tempera- 
ture” — as much as 13® F. (7® C.) in one of his experiments. Boiirne- 
ville®” observed in one of his experiments a reduction of 9® C. (16.2® F.).- 
Wood ascertiiincd that the excretion of carbon dioxide was reduced. 
The actual absence of a substiince capable of taking up the oxygen of 
the air is shown by the fact that Clamgee'-* found “that amyl nitrite ‘ 
blood had lost its power of absorbing oxygen or of yielding oxygen to 
the air-pump.” Devoid of adrenal secretion, the blood cannot absorb 
this gas, and what remained in it having been taken up by the tissues, 
none was available for the tissues.* 

Acute Poisoning. — 'rhe toxic effects are, in addition to the 
blood-changes described below, the cyanosis and the general 
vasodilation; excessive muscular weakness and great pallor, a 
slow, weak and irregular pulse, shallow and irregular respira- 
tion, loss of reflexes, wide dilation of the pupils, arrest of the 
respiratory niovenients, and asphyxia, sometimes preceded by 
tetanic convulsions. 

All these effects are due to paralysis of the adrenal center.* 
Small doses obtund its sensibiliiy temporarily; but poisonous 
doses paralyze its functions sulhciently to allow morbid changes 
to occur in the blood, which render it unsuitable for the con- 
tinuation of life.* 

^riie blood, under the indirect influence of toxic doses (in 
man) of amyl nitrite, assumes a nearly uniform ehocolatc-brown 
color, owing to the presence therein of metluemoglobiii. This 
substance is liaMiiatin, the iron-laden constituent of liaunoglobin, 
which normally remains in the red corpuscles, and serves to 
hold therein the adrenoxidase (the albuminous constituent of 
the luemoglobin molecule), pending its gradual distribution to 
the tissues. When, under the influence of amyl nitrite, too 
little adrenoxidase is available in the blood to supply the needs 
of tissue respiration, the liaMualin is not only deprived of the 
greater part of the adrenoxidase linked to it, but it is itself (in 
part), owing to its firm hold upon the last remnants of the latter 
substance, withdrawn from the red corpuscles into the })lasma.* 
Hence the term ^^nudluemoplasma.” ^fliis symptom is not nearly 
as marked in man, however, as it is in animals. 


• Author's conclusion. 
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The usual picture of adrenal insuflieiciicy promptly appears when 
the dose administered is excessive. “After poisonous doses, says Pro- 
fessor Wood, “the symptoms have been great pallor, usually dilattition, 
but sometimes contraction of the pupils, excessive muscular relaxation, 
slow, scarcely perceptible pulse, luemoglobinuria and irregular respira- 
tion.” 

We have just seen that Gamgee found that amyl nitrite blood no 
longer yielde<l oxygen to the air-pump. Hammarsteir™ states that 
“metlnemoglobin does not contain any oxygen in molecular or dissociable 
combination.” The causative absence of oxidizing substance; relegates 
the whole process of inethuiiiioglobin formation to a corresponding 
diminution of oxygen, and invalidates the prevailing vi(;w that amyl 
nitrite and other drugs clause niet)ueinogIobina;niia by acting directly on 
the blood.* Referring to a mouse killed in 2 minutes by amyl-nitrite 
inhalations, Haldane, Makgill and Mavrogordato-®* state that “the symp- 
toms were those of asphyxia from want of ojnftjvn” In another experi- 
ment the animal was placed in oxygen with a 0.:i c.c. capsule, and the 
oxygen pressure raised to SO c.in. This mouse only died in 14 minutes. 
A third animal was placed in pure oxygen at atmospheric pressure ainl 
an 0.1 iS c.c. caj)sulc. At the eleventh minute the air was removed; in 
a few seconds lift; had ceased. The blood in all was choeolate-eolon;d. 
Tlic authors also ascertained during experiments upon themselves that 
air delieient in oxygen or carbonic acid poisoning caused symptoms 
identical to those evok(;d by amyl nitrite. That metlueinoglobin may be 
formed irrespective of any direct action upon it, and simply through 
abstraction of oxygen, is also shown by the following (;xperiment, as 
described by Hammarsten: “if arterial blood be sealed up in a tube, 
it gradually consumes its oxygon and becomes venous, and by tliis absorp- 
tion a little metluemoglobin is formed.” Gamgee, however, found that 
the sj)ectrum bands of metluTmoglobiii corresponded with those of acid 
Inrmatin. “According to Rahuteau,” writ(;s Mampiat,-**- “in animals 
poi.soncd with amyl nitrite, the blood becomes neutral and even acid.” 
Again, if metlnemoglobin is haunatin jpIus a remnant of oxidizing sub- 
stance, it should itself be reducible by the tissues after leaving the red 
corpuscles. The convt'rsion into metlnemoglobin “does not entail,” says 
Ciishny,-™ “the destruction of the red corpuscles, and the compounds are 
cvent!ially reduced by the tissues^ although tin; reduction progresses 
•much more; slowly than that of ordinary oxylnTinoglohin.” Finally, 
Vulpian-’* found that in inetlucmoglobiinemia due to venom, the blood- 
cor]mscles are almost all, when death did not occ\]r promptly, deprived 
of their Inenioglobin. In the animal poisoned with .amyl nitrite by 
JIaldane, Makgill and Mavrogordato, the proportion of “lisemoglobin” 
converted varied from 80 to 02 per cent. 

^1ic treatment of ninyl nitrite poisoning is dos(;rib(?d in a 
special section at the end of this volume. 

Therapeutics. — Hie vasodilator action of amyl nitrite upon 
the arterioles, owing to the lowering of the vascular tension it 
involves, accounts for its beneficial action in angina pectoris, 
a disorder due to excessive arterial tension, and (claudication of 
the heart. In the continuous hyperconstriction which keeps up 


• Author's vonclusion. 
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the convulsions of status epilepticus, and the corresponding 
though temporary condition in tetanus, puerperal eclampsia and 
kindred disorders, the drug is of recognized value. An elevation 
of the blood-pressure, as will be shown, likewise prevails in 
migraine an^ neuralgia, a fact which accounts for the analgesic 
effect of amyl nitrite in this disorder. In dysmenorrJma, the 
condition of the uterus and adnexa resembles closely that which 
prevails in angina pectoris; hence the benefit derived from 
the (Irug. In the chill of intermittent fever, due to hypcrcon- 
striction of the cutaneous arterioles, a few whiffs (about five 
minims) of amyl nitrite suffice to cause its cessation. 

NITROGLYCERIN. 

Physiological Action. — Nitroglycerin causes dilation of all 
arterioles,* by depressing directly the sympathetic center.* The 
capillaries of all organs being thus caused to receive an influx 
of arterial blood,* full therapeutic doses give rise to a sensa- 
tion of fullness of the head with throbbing, more or less violent 
headache, vertigo, congestion of the conjunctiva, tingling or 
itching in the throat and tongue, salivation, muscular stiffness 
and spasmodic jerks, tinnitus auriiim, flushing of tlie face and 
sometimes of the neck and trunk, and a feeling of constriction 
about the throat and prccordial region. The cardiac contrac- 
tions are more powerful, sometimes dicrotic, and, owing to the 
vasodilation, more frequent, the increased cardiac power extend-* 
ing up to and being discernible in the carotids. 

Various invostigatons, including Hcnocque,“® Lnuder Brunton and 
Tait,^ and Hay®” hold that nitroglycerin and amyl nitrite act similarly, 
notwithstanding the disparity in their . chemical composition. The pri- 
mary vasoconstriction due to irritation of the respiratory passages is 
not provoked by nitroglycerin, ho>vever, a fact ascertained experimentally 
by Haldane, Makgill and Mavrogordato.®” Hence dilation of the arteri- 
oles is the first cfiToct of the drug, irrespective of any intervention of 
the “inhibitory” or depressor meclianisms, which have introduced con- 
fusion in the study of amyl nitrite. 

When the doses taken arc administered too often, or when 
they are large, the dilation of the arterioles is supplemented by 
dilation of the larger vessels, caused by a similar depressing 

• Author's conclusion. 
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effect of the dnig upon the bulbar vasomotor center and its sub- 
sidiary centers in the cord.* 

The prevailing view is that nitroglycerin in therapeutic doses pro- 
duces general vasodilation, but, as recently shown by 11. P. Loomis, 
such is not the case. By means of the sphygmomanometer used in a 
number of cases, some of which were obscrviHl until rmivery, he ascer- 
tained that even when given in full therapeutic . doses repeatedly, the 
drug did not lower the blood- pressure. It was only when given to dogs 
in doses which would have proved toxic to man that the blood-pressure 
fell, the heart being extremely weakened. The fall of pressure lasted 
only five minutes, however, though the heart remained feeble. The 
retrocession of blood from the capillaries was rendered evident by marked 
diminution of the volume of the kidney, as shown by an oncometer 
placed upon this organ. 

This points clearly to the sympathetic center as the one depressed 
by the drug at first, since dilation of the arterioles alone, such as that 
produced by therapeutic; doses, does not sufliee to cause an appreciable 
fall of blood-pressure. Indeed, did such occur, there would not be flush- 
ing of the face and othc;r signs of hyperffiiiiia, but pallor and other 
signs of capillary anseniia, owing to recession of the blood to the d€;eper 
vessels. When large therape\itic doses are taken, however, the vaso- 
motor center is also depn;ssed by the drug. This is shown not only by 
the cardiac weakness in Loomis's dogs, and the dose required to pro- 
duce it and reduce the pressure, but also, in man, by the fact that Von 
Noorden-^^" found tliat by using very large doses, e.jy., “daily doses of 10 
milligrams, and even 12 milligrams" (V# to Vn grain), (the initial doses 
having been small and gradually increased) the bloocl-pressure could be 
reduced from 180 and 220 to 100 and 120, and even less, in his service 
ih the Frankfort Hospital. 

Untoward Effects and Poisoning. — The untoward plic- 
iioinena produced by nitroglycerin are all those enumerated 
above which exceed a slight frontal fullness, tingling, itching, 
or formication in the throat and tongue and a slight (luickcning 
of the j)ulsc, and, perhaps, a feeling of warmth about the face. 

When the blood-pressure is reduced by depression of the 
vasomotor center, the arterial pressure falls and all the symp- 
toms are those of collapse — the reverse of the erethic condition 
produced by llie smaller doses, which affect only the sympathetic 
center. There is marked failure of the heart’s action, and its 
beats may become weak, irregular and intermittent, the pulse 
being correspondingly feeble. The resulting retrocession of the 
blood from the surface, including that of the pulmonary alveoli, 
engenders inadequate oxygenation,* but another factor promptly 
aggravates the morbid process under these conditions: ischaemia 
of the anterior pituitary body and inhibition of the adrenal 


* Author* 8 conclusion. 
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functions.* Hcncc the marked dsypncea, hypothermia, anaes- 
thesia, and cyanosis. 

The various stages of this process are explained in the foregoing 
general text. 

The 8(Hiuen(;e of events caused by large doses may be illustrated 
by Demnie’s*^^ experiments on himself with a 1 in 10 alcoholic solution. 
Two or three drops caused formication or itching (also mentioned by 
V''ohP^“) ill the mouth and tongue, salivation, an increase of 10 to 1‘2 
beats in the pulse. After 0 to 10 minutes, dull, constrictive pains in 
the forehead, vertigo, cerebral fatigue. With five or six drops, these 
phenomena occurred sooner and were more marked; choreic movements 
of the masseter then appear, which may spread to other muscles when 
ten drops are given. Although these doses sliould not be taken as guide 
in practice, Loomis"** states that the usual dose, */,o„ grain (0.00005 gm.), 
is too small to produce any effect in pathological conditions, and that 
Vm grain (0.0013 gm.) is .a mit imum dose. 11c regarils it as a safe 
drug — in opposition to prevailing aMcw — even large and repeated doses 
having never produced ill eirccts. D. D. Stewart""*^ states that an exces- 
sive tolerance to nitroglycerin can be readily acquired if care is not 
taken to avoid a too rapid increase of the dose; hence the drug, thouj^h 
intelligently employed, is often of little service. Tic refers to a case in 
which 50 minims of a 10-per-cent, solution were taken daily without any 
very marked elfects. llinz,''“* of Bonn, states that man ‘^oilers, as a rule, 
energetic resistance to nitroglycerin when the doses are not excessive,” 
and refers to others who advocate larger doses than those generally 
administered. 

Still we must not overlook the fact that nitroglycerin is capable 
of producing violent symjitoms. Wixid refers to an observation of 
Nocr’s,'**^® in which ten-drop doses of an alcoholic solution (usually Viu«) 
in a woman caused violent toxic phmiomena. 

The trmtmmt of iiilrofflyccrin poisoning is described in 
a special section at llic end of this volume. 

Therapeutics. — The beneficial ell'ccts of niiroglvecrin are 
due to the fact that it lowers excessive arterial tension in the 
organs thcinselves, by dilating oidy tbe extremities of the vascu- 
lar tree, i.e., the arterioles.* In angina pectoris, for example, 
the pallor and ashen gray appearance of the surface observed 
not only during the paroxysm in some, but at all times, points 
to excessive vasoconstriction. Here, one minim of the 1-100 
alcoholic solution, three times daily, suHices at first, but gradu- 
ally, as the patient becomes habituated to the drug (the syni- 
pathetic center becoming less and less sensitive to its action*), 
it must be increased until three or four times the original dose 
is taken. 

♦ Author' a conclusion. 
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Tho best rule for giving the drug for its effects on l)lood:pressurc 
is, in Stewart’s opinion, to administer it four times a day in dose 
just sufficient to produce tlie slightest feeling of fullness in tlic head or 
to slightly quicken the pulse. If more than that is given, an undesir- 
able tolerance is likely to be established. When a rather rapid increase 
seems needed to keep up a constant eff'iH*t, it is best to discontinue the 
drug for two or more days, at intervals, and to resume its use with a 
smaller initial dose, lly so doing the use of very large doses and strong 
solutions, which are not exactly safe to handle, will be avoided. Nitro- 
glycerin, Stewart thinks, has not met expectations as a remedy in con- 
ditions of persistent high tension, and he now uses it in such cases less 
frequently than formerly, endeavoring at first, at least, to relieve by 
limiting the nitrogenous intake and maintaining free action of tho skin 
and bowels. Aconite is often substituted for nitroglyc‘c*rin in these cases 
with advantage. 

Tt has been used to advantage in epilepsy, puerperal eclamp- 
sin^ and kindred disorders in which tlie arterial tension is liigh. 
This idienoinenon is also present in unvmia, 

DRUCiS WHICH UESEMHLK N ITROdEYCEIllN IN THEIR 
PHYSIOLOGICAL ACTION. 

Erytlirol telranitrate is somewhat less active than nitro- 
glycerin, but its effects endure much longer and begin earlier 
after its ingestion. Its physiological action differs in no way 
from that of nitroglycerin. Being also a violent explosive, tab- 
lets should alone be prescribed. 

CREOSOTE, CREOSOTE CARBONATE, GILVIACOL AND 
GUAIACOL CARBONATE. 

Physiological Action. — Creosote is primarily a depressant 
of the sympathetic and vasomotor centers.* If the })atient be 
markedly asthenic, as the result (1) of the disease from wliich 
he is suffering; (2) of a congenital hypersensitiveness of the 
two vascular centers mentioned ;* (3) of a temporary hypersen- 
sitiveness of these centers, brought on by shock, pain, etc., even 
a small dose may provoke sufficient general vasodilation* to 
cause an accumulation of blood in the great central v('ssels, and 
by depleting the peripheral vessels cause marked hypothennia. 

This ia a very important fc.ature of tho action of creosoto, which 
ahould be borne in mind when it is prescribed in tuberculosis. Its 
depressing action on both vascular centers is illustrated by its effects 
on tho temperature. Thus R. Simon"” states that in some subjects, 
hypothermia lasts as long as creosote is employed; in one of his cases 
it remained 1.1® C. (2° S’.) below normal during the two months that 

• Author* 8 vonclmtm. 
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it was used. Burlureaiix"® states that after injections of creosote “the 
patient may complain of a most unpleasant sensation of internal cold; 

his extremities are icy, and his lips cyanosed ” Desplats*®® 

found that, like guaiacol, it caused “a general and intense vasodilation 
with all its consequences.” Even a small dose may cause death under 
such conditions. Zawadzki®”^ reported a death in a young woman who 
was taking 18 minims daily. 

The production of a temporary vulnerability of the vascular cen- 
ters to the morbid effects of cr(K>sotc is well shown by various instances 
reported by Simon. In several cases “the drug was tolerated perfectly 
before and after an attack of influenza, but not during this disease.” 
In another, large doses could be taken excepting during menstruation. 
In some, the untoward effects came only after the injections had caused 
stwere pain. In one of Burlureaux’s cases, it came on immediately after 
a painhil traumatism, etc. That advanced cases of tuberculosis cannot 
bear creosote, and that certain persona are very susceptible to its effects, 
is well known. 

Wlien marked general asilfcnia is not jircsent, the arteries 
and artcrio^js arc only sufficiently dilated to admit a greater 
volume of blood than usual into all capillaries,* and to reduce 
excessive vascular tension. This action is supplemented by 
another which endows creosote with its curative properties in 
appiYipriate cases, viz., it excites a protective reaction of the 
test-organ.* The adrenal center being stimulated, the quantity 
of adrenoxidasc in the blood is increased and its proportion of 
auto-antitoxin likewise.* The volume of arterial blood circu- 
lating in the capillaries— of tlie lungs, for example — is thus not 
only increased, but its bacteriolytic and antitoxic properties arc 
also enhanced. 

Arloing®'’* found that creosote, as well a.s eucalyptol, guaiacol and 
mercury, when injected repeatedly into goats, caused their blood to acquire 
the property of “agglutinating rapidly and completely Koch’s tubercle 
bacilli siispendtid in homogeneous emulsions.” lie found that in equal 
volume this goat serum “agglutinated somewhat less energetically than 
the serum of goats which had received tuberculin.” The connection 
between this condition of the blood and the preliminary depre.ssion of 
the vascular centers produced by the drug is illustrated by the hyper- 
thermia which occurs when the ^i/pothermia ceases. Thus, Simon states 
that in cases of intoxication the temperature becomes steadily lower 
until the seventh hour, when (under the influence of the adrenoxidase, 
which has been accumulating all this time*) a reaction occurs, the tem- 
perature gradually rising up to 39® C. (102.2® F.) or 40® C. (104® F.), 
the latter coinciding with free sweating. This indicates, as Desplats 
says, “a sudden and general vasoconstriction, which should not be con- 
sidered as a sign of intoxication. Indeed, such a reaction is the sign 
of recovery even after enormous doses, as shown by several cases on 
record. In a case of Faisans’H=“ a dose of 9.5 gms. (146 grains) taken 
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surreptitiously by the patient to hasten his cure, the liypothermia was 
succeeded by a temperature of 38° C. ( 100° F. ) and hypereesthesia, 
showing that the peripheral capillaries were hypersemic. 

Untoward Effects and Poisoning. — As shown by the above 
analysis, the untoward symptoms are due to depression of the 
sympathetic and vasomotor centers,* and tlie resulting general 
vasodilation. The blood accumulating in the deeper vessels, the 
subjective signs are progressive hypothermia with sensation of 
intense cold, cold sweats, contracted pupil, vertigo, marked 
adynamia, cyanosis, and unconsciousness with involuntary 
emesis and micturition — on the whole a cholera-like syndrome — 
due to ischamiia of the peripheral organs. Tn markedly debil- 
itated individuals collapse may occur, and death follow respira- 
tory failure. 

In the majority of cases, however, after a period of six or 
seven hours, the drug is sufficiently modified by the blood^s 
auto-antitoxin* (especially adrenoxidase, which by oxidizing it 
turns it black*) to lose its depressing power over the vascular 
centers,* and the tide turns. The blood-vessels not only resume 
their normal caliber, sometimes suddenly, but the reaction of 
the test-organ, which tlie presence of the drug in the blood has 
excited all along,* having caused overactivity of the adrenal 
center and, as a result, an accumulation of adrenoxidase in tbc 
blood,* evokes the hyperthermia referred to, which may reach 
104® F. (10°C.). The cutaneous and ccrebro-spinal vessels 
being now overfilled with blood, general hyperjesthesia. hallu- 
cinations, talkative delirium, dilation of the pupil, restlessness 
and trismus may occur. The urine is usually smoky, owing to 
its content in oxidized creosote* — the oxidation* continuing in 
some instances when the urine is exposed to the oxygen of the 
air. The patient soon recovers completely. 

The untoward off pets are not necessarily caused by large doses 
only. Simon refers lo cases in which doses as small as minim 
(0.0012 c.c.) and 5 minims (0.3 c.c.) brought them on. It depends 
entirely upon- the condition of the patient, t.e., from my standpoint, of 
the sensitiveness of his vascular centers. Tn such cases these centers 
are on the verge of collapse, and this may occur in persons who have 
been taking the drug right along, OAving, we have seen, to the debilitating 
action on the patient’s sensorium commune of some intercurrent in- 
fluence, menstruation, grippe, pain, etc. Neither sex nor age influences 
the production of these phenomena. Lamplough,*“ who treated 100 
cases without meeting with untoward effects, gave children from two 

* Author* a conctuaton. 
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to five years of age :I0 minims (2 c.c.) daily. He followed strictly a rule 
which should never be set aside when eri»oHote is used, viz., b) begin with 
very small doses so as to tost the patient’s sensitiveness. Sehoull-'’'" 
used it safely in patients ranging from two months old to ninety-one years 
of age. This does not mean that extreme ages are free from its toxic 
effects. Marcard-*”* observed a fatal case of iioisoning in an infant four 
weeks old, in which the moat prominent symptom was cyanosis. 

I’he identity of creosote as a derivative of wood-tar accounts for 
the fact that it may become oxidized in the blood. VVood-"^ states, in 
fa(;t, that “it occurs in the urine probably in part as oxidized ediicts.” 
We have seen that, as shown by Bertrand, Loew and many others, plants 
contain a ferment which becomes oxidized and black on exposure to oxy- 
gen. That the process of distillation liberates such a ferment is prob- 
able. Simon, referring to instances of poisoning, states that “the urine 
may be already black on heaving the bladder, or it may blacken very 
rapidly on being (exposed to the air.” This suggests that the vegetiible 
ferment might prove sictive in the blood, but many facts indicate that 
such is not the case. 

^riie treaimtmi of creosote poisoning is described in a spe- 
cial section at the end of this volume. 

Therapeutics. — Creosote ca rh ona te \vh i ch (K)n ta ins n i ne ty 
per cent, of creosote is preferalde to pure creosote, it is an 
oily, tasteless licpiid wliich can be readily administered in ca])- 
sules. In lohar pneumonia creosote is of very great value during 
the early stages, when the dis(»ased area is engorged. A danger- 
ous feature of this stage is the excessive vascular tension. The 
drug not only counteracts this condition, but it opens tlu; chan- 
nels through which tlie auto-antitoAiri-laden blood can penetrate 
to the diseased lohes.* The pneumococcus being readily killed, 
creosote often becomes a life-saving measure. T"his applies as 
well to broncho-pneumonia. In pulmonary tuberculosis, the 
slight vasodilation produced likewise enables the arterial blood 
laden with antitoxin to reach more freely the diseased f)ortions 
of the lung,* and thus to enhance the local reparative process. 
1'he manner in which it is to he used is indicated under the 
lieadings of these various disorders. 

Guaiacol may be used instead of the foregoing, but the 
gimiacol carbonate is less toxic and should be given the prefer- 
ence. A curious property of guaiacol is to produce, when painted 
on the skin, a more or less marked hypothermia, it does this 
by depressing reflexly the vasomotor and sympathetic centers.* 


• Author* 8 conrluftion. 
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Vasodilation thus produced is of advantage as an emergency 
measure, as will be shown, but not in the treatment of the dis- 
orders in which, on the other hand, creosote and ci'eosote carbon- 
ate are of great value.* 

Carbolic acid acts much as does creosote, l)ut it is more ac- 
tive as a stimulant of the adrenal mechanism, and the depress- 
ing action on the sympathetic and vasomotor centers is antagon- 
ized almost from the start by a large increase of adrenoxidase.* 
Toxic doses, however, likewise paralyze the vascular centers, and 
produce marked hypothermia. The internal use oL* carbolic 
acid is especially interesting on account of Baccelli’s success 
with it in trtanus. Tlis results are accounted for by the fact 
that, the proportion of auto-antitoxin in the blood being greatly 
increased by the drug, the spasmogenic poison is actively 
destroyed.* 

* Author' n conclusion. 
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CHAPTEE XXII. 


THE INTERNAL SECRETIONS IN THEIR RELATIONS 
TO PHARMACODYNAMICS {Continued). 

THE BLOOD-PLASMA OF TERRESTRIAL ANIMALS AS THE 
FUNCTIONAL HOMOIjOGUE OF SEA-WATER. 

The kinship between the blood-plasma of vertebrates and 
sea-water was referred to in the first volume. I wrote at the 
time “The man}' vestigial structures wliich the human frame 
exhibits as relics of its evolutional past not only include evi- 
dences of a primitive a(iuatic existence, the embryonic branchial 
or gil^clefts and the pituitary bodies, for instance; but the 
plasma in which all the cells of the organism bathe may be 
said also to typify tlui original medium.^^ Since then, the ques- 
tion has received considerable attention, as shown by the quota- 
tions submitted below, which indicate that the subject as a whole 
harmonizes perfectly with the soundest teachings of many 
branches of science. 

Rene Quinton, who pointed out this similarity between sea- 
water and the blood-plasma, in 1900 at the Xlll International 
Congress, more recently presented the results of additional in- 
vestigations before the Paris Academy of Sciences. “In 
M. (Jliiinton’s view,” says a corr(*spondent,^ “sea-water is the 
natural source from which, as Haeckel believes, those elemen- 
tary bodies have their rise, which in turn develop into every 
other species, human beings included. The environment in 
which the anatomical elements of living creatures exist is 
neither more nor less than a marine one. Our tissues and 
cells continue to exert their functions in a fluid the composi- 
tion of which presents the closest resemblance to that of sea- 
water. Hitherto the number of elements entering into the 
composition of a living body has been considered to be about 
fifteen. But the researches of M. Quinton have shown the 
existence of traces of at least some fourteen other elements which 


* Cf. vol. i, p. 788, 1903. 

^ Paris Correspondent: Lancet, Apr. 16, 1904. 
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are also found in sea-water, such as copper, lead, silver, gold, 
and others. Further, if an animal be bled to exhaustion and 
the place of the blood be supplied by sea-water, on the morrow 
the animal will have regained its strength, and at the end of 
five days its recovery is complete. M. Quinton has injected 
into animals a quantity of sea-water greater than their own 
body weight without any toxic effects, whereas Jin injection of 
pure wjiter brings about death. Sea-water tlien appears to be 
the nutrient fluid of animals, their natural plasma in fact.” 

Other observers have hitely taken up the question. Macal- 
lum, of Toronto,^ finds from geological evidence ^Hhat in the 
ocean of the earliest period the relative proportions of the ele- 
ments:- sodium, potassium, calcium and magnesium approxi- 
mated to those found in river discharges or in fresh water shed 
from areas covered with archa^an rocks. 1'his condition must 
have continued until living forms made their appearance in 
the ocean, when the gradual elimination of the magnesium, and 
particularly of the potassium and calcium, began. The living 
forms were in all probability unicellular; and ^is the period 
must have been of great duration, the organisms and their pro- 
toplasm acquired a fixed relation to the four elements.^ In the 
transition from the ocean of the more ancient composition 
to that of the present, the unicellular forms beiiame multicel- 
lular, and developed circulatory systems, the vascular fluids 
of which were at first simply modified sea-water. Pro- 
fessor Macallum lays stress on the resemblance between the 
blood-plasma of vertebrates and sea-water as regards the rela- 
tive proportions in which sodium, potassium and calcium arc 
present, and considers this similarity to be due to heredity, 
^the proportions of the saline constituents of the plasma being a 
reproduction of the proportions which obtained in seji-water 
when circulating plasmata were developed.^ Tie thinks the 
same general principle holds good for jirotoplasni as well, and 
maintains that both animal and vegetable ])rotoplasm derive 
their relations to the elements, sodium, potassium, calcium and 
magnesium, from the composition of sea-water which obtained 
when all forms were unicellular.”* 

^Marallum: Trans. Canadian Tnstituto, p. 181, vol. 1903-4. 

^Editorial: Brit. Med. Jour., July 9, 1904. 
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The researches of Jacques Loch ® and the investigations 
of Matthews, Fisclier and others, liave also shown that “the 
solution which is most favorable to the life of the tissues is 
one which contains a number of salts, and tlicse in the same 
concentration in which they exist in sea-water. The excess, 
deficiency or removal of one or more of tliese salts disturbs the 
eciuilibrium of the solution, which becomes toxic for the animal 
cell. The practical application of this fact is obvious. The nor- 
mal salt solution of the future will be one having practically 
the same composition as sea-water, if not sea-water itself. 

“It is easy to explain the reason for this predilection of 
the animal cell for an environment having the same saline con- 
tent and concentration as the water of the ocean. During the 
dawn of life all cells lived amid this environment, and the 
chemical and physical structure of jrrotop'asm became , adapted 
to the chemical and physical characteristics of the surround- 
ing medium. In spite of the enormous lapse? of time, and the 
complex elaboration of the simple protoplasmic units into the 
higher animal forms, the former still retain the ingrained habits 
of their primitive lifc.’'*^ 

Professor Bunge, of Basle, states that he is “convinced 
that the remarkably high percentage of salt in vertebrate ani- 
mals, as well as the desire to take salt with our food, can only 
be satisfactorily ex[)lained by the theory of evolution.^^ Ue 
also remarks in this connection : “"Jlie land vt'rtebrates arc all 
remarkably rich in salt, in spite of the scanty supply around 
them. But even thc.se are only apparent exceptions. We need 
but nmember the fact that the first vertebrates on our jilanet 
all lived in the sea. Is not the large amount of chloride of 
sodium found in the present inhabitants of dry land another 
proof of the genealogical connection, which we are forced to 
accept from morphological facts? There is no doubt that each 
of us in his individual development has gone through a stage 
in which he still possessed the cliorda dorsalis and the branchial 
arches of his sea-dw(?lling ancestors. Why may not the high 
average of salt in our ti.ssuea he a^so inherited from them? 

B Jacques Locb: PfliiKer’s Archiv, Rd. evil, S. 2.''i2, 1905. 

® Editorial: Med. News, Sept. 9, 1905. 

^ Dun^e: “Physiologic and Pathologic Chemistry,” Eng. Trans, by Starling, 
pp. 101, 102, 1902. 
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this interpretation be correct, we should expect that the 
younger the vertebrates are in their individual development, the 
more salt tliey would possess. This is in fact the case. I have 
convinced myself by numerous experiments that an embryo of 
a mammal contains more salt than a new-born animal, and that 
it gradually becomes, after birth, poorer in chlorine and sodium 
as it develops. Cartilage contains the most sodium of any tis- 
sue in our bodies, besides being also the tissue of greatest an- 
ticpiity. It is histologically identical with the tissue which still 
survives in the skeleton of the Selachians, a sea-water animal, 
during its whole life. The human skeleton, as every one knows, 
is originally also composed of cartilage, and even before birth 
much of this is replaced by bone. ^Fhis phenomenon cannot be 
understood on teleological grounds; it can only be explained 
by the theory of evolution.^^ 

These (juotations — purposely used to preserve the full 
force of tlic evidence they contribute — indicate how far-reach- 
ing was (Maude Bernard's conclusion** that the blood is ‘Min 
internal medium in which anatomical ehmieiits live as do fishes 
in water.’^ Imhicd our own bodies arc but colonies of aquatic 
animals, of unicellular organisms that live precisely as do 
unicellular organisms in their primordial haliitat, the seas. 
Here these minute cells absorb their food from the surrounding 
medium; they assimilate it and reject their wastes as do our 
cells in the lymph of the intercellular spaces. Immobilized, 
however, when, as cell-colonies, they constitute organs, they are 
unable to provide for themselves; we have seen how Nature 
meets the needs of this new state of things : even in the lowly 
sponge, free anueboid cells, leucocytes, act as food- purvey ora — 
the type of the nutritional process (as interpreted from my 
standpoint) in all multicellular organisms, including our own. 
In the lower form the anueboid messengers gather the food- 
stuffs from the marine medium; in the higher, they collect 
them from the alimentary canal. But the walls of this identical 
(diannel, where antecedent living maiter is taken up to be car- 
ried where it will again assume the living state, are the seat of 
another phenomenon : the absorption of water which, with what 


* Claude Bernard: "Lecons sur les propridt^s des tlBsus viyants,’* pp. 55-68, 
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salts the food contains — sodium chloride mainly — serves to 
elaborate the original fluid in which our ^^anatomical elements 
can live as do fishes in water,” and differing only from that of 
the ocean, as to constituents, in that it courses in canalicular 
systems. 

It would appear as if, gradually as the cells are grouped 
into increasingly complex colonies until an organization such as 
that of man is reached, their chances of life should be cor- 
respondingly reduced. Especially does such a conclusion seem 
to impose itself when we realize that long before the higher 
mammals are reached, the preservation of the living state de- 
pends upon a multitude of factors; that the structure as a 
whole is disposed into organs having totally different functions, 
secretory, contractile, nervous, etc., which in turn are disposed 
into systems whose functions include chemical processes of 
various kinds, respiratory, digestive, excretory, etc. Yet such 
docs not appear to be the case und(jr normal conditions, i.e., 
when the physiological functions of even the higher animal are 
carried on in accord with provisions of Nature, ^rhe normal 
longevity of the parrot, of the elephant, of man and other ani- 
mals attests to this: it affords proof that increased complexity 
does not entail increased vulnerability. The reason for this 
becomes apparent when function is reduced to its simplest ex- 
pression in the light of my own views: whenever an exacerbation 
of activity becomes manifest, it is always evoked by an increased 
flow of an oxygen-laden fluid whose physical and chemical prop- 
erties are those of the sea, around cells specifically disposed to 
determine the function. Even the nerve-cell with its elon- 
gated axis-cylinder, its tufts of dendrites, the minute fibrils 
that connect it with other cells, the neuroglia, etc., (as I inter- 
pret them) are channels for the adrenoxidase-laden plasma 
analogous, as to its qualitative attributes, to the primordial seas 
— a small cosmos, it is true, but a cosmos nevertheless. 

If a living muscle, a nerve, etc., be immersed, as was done 
by Overton,® in solutions of various salts, a striking fact as- 
serts itself, viz., that the nearer the composition of sca-water 
is approached, the longer does the organ preserve its functional 
activity. Need we wonder that the effect of saline solution, 

•Overton: PHttger’s Archlv, Bd. cv, S. 176, 1904. 
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which, injected into our tissues, meets therein all the other salts 
of sea-water, should, as another editorial writer^** says, be ^‘little 
short of miraculous?” It is but a bit of the ocean that the 
moribund receives, but to his cell — marine-cells — it is the one 
medium compatible with life. 

MARINE SALTS AS ACTIVE PARTICIPANTS IN THE 
BODY’S DEFENSIVE FUNCTIONS. 

The defensive properties of all the l)ody fluids, the blood, 
lymph, serum, etc., including the digestive ferments of phago- 
cytes, can only 1)e exercised eflficiently wlien the alkalinity of 
these fluids is adequate.* When, owing to the presence of a 
pathogenic substance, a toxin, a poison, toxic wastes, etc., the 
proportion of auto-antitoxin is augmented in the blood,* the 
alkalinity of the latter must increase proportionally; otherwise 
the bacteriolytic and antitoxic action of the antitoxin is in- 
hibited* and the defensive process is weakened in proportion. 

The alkalinity of the blood, lymph, etc., is due to the pres- 
ence of sodium and potassium phosphates, which are intimately 
associated, and generally referred to as the ^‘alkaline phos- 
phates.” Closely associat'd with these salts are the alkaline 
carbonates (sodium carbonate and bicarbonate, and potassium 
carbonate). They assist the former in giving the blood and 
lymph their alkalinity, but they also ('nable the |)la8ma to absorb 
carbonic acid from the tissues and to eliminate this gas. After 
fulfilling their functions the alkaline phosphates arc excreted in 
the perspiration and urine: about 4.5 grns. (68 grains) being 
eliminated in the latter daily by a normal adult. 

The relationship of the blood’s alkalinity to the defensive functions 
of the body ha 8 been urged by several experimenters. Charrin“ gives 
the blood’s alkaline reaction the first place in the immunizing processes 
of the body. It increases leueocytogencsis, and, therefore, the number of 
phagocytes available. Lowy and RichU*r'^ noted that the leucocytes 
increased in number in proportion as the alkalinity became more marked. 
We have seen that trypsin is the active proteolytic agent in the germi- 
cidal and antitoxic substance — ^including Buchner’s alexin. Metchni- 
kolT'" states that alexin “acts only in the presen(;e of salts. When 
relieved of its salts by dialysis, the serum loses its haemolytic power, 
but as soon as these salts are restored to it. this power reappears.” As 
(in the light of my views) these same defensive substances arc the active 

• Author* a con^luMion. 

10 Editorial: Medicine, Sept., 1901. 

iiCharrin: “Lea dOfensea naturellea de rorRaniame,” 1898. 

1* L6wy and Richter: Virchow’a Arrhiv, Bd. cxiv, S. 49. 1896. 

1* Metchnikoff: “L’lmmunitO dans lea mal. infcctieuaea,” p. 93, 1901. 
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agents in tissue metabolism, a corresponding relationship between this 
process and the blood’s alkalinity should exist. Gautrelet*^ noted an 
absolute parallelism between metabolism and the alkalinity of the blood, 
i.e., nutrition was found low when the alkalescence was low, and vice 
versa, both in man and in the lower animals. The blood’s alkalinity is 
intimately related with the energizing agent in auto-antitoxin, namely, 
adrenoxidase. Thus, while Orlowsky“ found that the alkalinity of the 
blood ill various diseases is proportionate with the number of red cor- 
puscles, declining when these are few and increasing as their number 
increases (the leucocytosis inlhiencing the alkalinity in no way), 
]VIylius‘® found that, although the red corpuscles themselves were neutral 
or acid, the blood-platelets were strongly alkaline. Now, I have showii*^ 
that these platelets were droplets of adrenoxidase. 

The experimental application of these facts in infection proves 
their importance. The researches of Behring and Nissen,'^ for example, 
concluded that the resistance of the white rat to anthrax was due to the 
intense alkalinity of its blood. Paul found that when the alkalinity of 
the rabbit’s blood was neutralized, its germicidal power disappeared. 
Calabrese'" found that the alkalinity of the blood increased wdtli the 
degree of immunization, and that the blood reacted against a toxic by 
a steady increase of alkalinity. In comparative experiments in a large 
number of animals, von Fodor-" found that their n^sistance to the 
anthrax, cholera, tubercle and streptococcus inoculations was greatly 
increased when sodium bicarl)onatc was administered, either subcutane- 
ously or orally. 

Sodium Chloride, though a neutral salt, is a most important 
inorganic constituent of the body fluids: Owing to the small- 
ness of its molecules (.58.5) and its chemical inertia, it is 
preeminently the salt which maintains the osmotic equilibrium 
between the tissues and the blood. When tluj supply is inade- 
quate, all the functions are hampered, since it is the solvent of 
adrenoxidase* (serum globulin). By holding the latter in so- 
lution it insures its free circulation as a constituent of the 
plasma in all vessels down to the minutest capillary networks 
distributed to cellular elements, including those of the nervous 
system : the axis-cylinders and other neuro-fibrils, the networks 
of neurons, their dendrites, etc.* This also enables the adren- 
oxidase-laden* i)hisma to transude freely through the capillary 
walls in order to reach the tissue-cells, i.c., to carry on the life 
process. The free osmotic properties wdneh the lymph in the 
tissue-spaces also owes to sodium chloride insures another im- 
portant function, viz., that of sweeping away by the lymph-cur- 
rent of all w^astes derived from the cell. 

• Author’s conclusion. 

'^Gautrelct: Arch. g6n. de mM., Mar. 27, 1906. 

**0rlow8ky: Deut. med. Woch., Bd. xxlx, S. 601, 1903. 

Mylius: Cited by 4.iabb6: PreBSc in6d., vol. ix, p. 999, 1902. 

” Cf. vol. I, p. 715, and vol. il, p. 826. 

” Behring and Nissen: Zeit. f. Hygiene, Bd. vHI, S. 412, 1890. 

’•Calabrese: La semalno mM.. vol. xv, p. 467, 1895. 

••von Fodor: Ccntralbl. f. BaKt. u. Paraait., Bd. xvll, S. 225, 1895. 



MARINE SALTS AND IMMUNITY. 


1369 


The influence of sodium chloride on osmosis is so well known that 
evidence to that effect is not required. The extent to which it enhances 
the cllicicncy of the protective processes in infection may be illustrated 
by a few examples. Jmbomoudrov-^*- found that a saline solution com- 
posed of 0.5 per cent, of sodium chloride and 1 per cent, of sodium sul- 
phate in distilled water, injected intraperitoneally or subcutaneously, 
caused leucocytosis and increased phagocytosis. They retarded the 
development of typhoid and cholera bacteria, and in some instances 
caused its destruction. Prophylactic injections, given twenty-four hours 
before inoculation, enabled guinea-pigs to resist a dose from two to three 
times as large as that which killed controls. It becomes a question, 
however, which of the two salts mentioned insured these results. It is 
evidently not the sodium sulphate, for sodium and potassium sulphate, 
though found in practically all the fluids of the body and eliminated at 
the rate of about 4 gms. (GO grains) daily in the urine, are in reality 
but excretory products derived from the oxidation of proUdds and other 
organic substances containing sulphur. 

('oiiversely, a multitude of clinical facts on record — some of which 
will bo submitted later — have .shoAvn that sodium chloride in “dccinor- 
mal saline solution” produces pnxdsely the effetds noted by Lubomou- 
drov.“ 

Experimental researches point in the same direction. Lesne and 
Uichet, .Jr.,''^ for instance, found that if, after injecting a solution of 
potassium iodide into two dogs, sodium chloride solution was also 
inject4*d in the blood of one of the dogs, toxic phenomena came on in the 
latter only after 1.1 G gin. (17 grains) per kilo of animal had been given, 
whereas in the dog deprived of the saline they appeared when 0.112 gin. 
(5 grains) jier kilo had been reached. Ercklentz" also found that ani- 
mals given fatal doses of a toxic and saved by saline solution, showed 
little pathological trace of the intoxication wlien killed, while animals 
left to di(», i.c., without saline solution, showed marked histological 
altiu'ations. E. A. Hose and V. Vidal, in fact, ascc*rtaincd experiment- 
ally that the solution of sodium chloride and sodium sulphate, equal 
parts (7 per mille), did not present any difTerence in results from those 
of tlie ordinary saline. Their researches imposed the conclusion that 
simple saline solution of the above strength jiossesses the minimum of 
harmful ctTects and the maximum of physiologiivil etTects, and should bo 
the solution of choice for massive intravenous injections. 

Therapeutics. — Sodium chloride is a potent adjunct in 
many morbid processes, especially in febrile diseases, because it 
maintains tlie fluidity and circulatory freedom of tlie auto- 
antitoxin-laden plasma.* It insures tlie access of the plasmatic 
adrenoxidasc to the diseased area and, owing to the thyroidase 
it contains, it sensitizes (as opsonin) the bacteria, detritus, etc., 
thus facilitating their ingestion and destruction by the phago- 
cytes.* It also enables these cells, as well as the leucocytes, 
which supply nuclco-proteid granules and trypsin to the plasma, 


• Author's conclusion. 

21 Lubomoudrov: Aanales de I’lnst. Pasteur, vol. xix, p. 573, 1905. 

* Lubomoudrov: Ibid. 

“Lesne and Richet, .Tr. : Progrfis m<^d.. Mar. 28, 1903. 

*^Ercklentz: Therapie der Gegenwart. Jan., 1903. 

»F. J. Bose and V. Vidal: Arc-h. do physiol., 5 s^rie, vol. vill, p. 937, 189C. 
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to migrate freely to the exjiosed region and carry on their pro- 
tective function efficaciously.* ** 

Over one-half ounce of sodium chloride being eliminated 
daily with the urine, the sweat, faeces, etc., the reduced diet and 
the anorexia prevent, especially during febrile diseases, its be- 
ing replaced through its normal source, the food.* The body’s 
supply becoming inadequate very soon, the protective fuiietions 
are hampered in proportion as the deficiency of the salt is 
marked.* This is a fruilful cause of death in all infections.* 

This applies as well to the alkaline salts, the elimination of 
which proceeds at the rate of about (>8 grains daily in the urine 
alone. Gradually as their proportion in the blood becomes re- 
duced, both the nutrition of the body and the activity of its 
defensive process, plasmatic and cellular, are correspondingly 
inhibited, irrespective of the remedies administered.* 

In accord with the teachings of physiology', Tliitcliisoir^' states tliat 
the considerable increase of alkalinity during the ingestion of food is 
synchronous with the appearance of the ‘‘alkaline tide in the urine.” 
He explains this alkalinity, at least in part, “by the absorption of alka- 
line salts from the food.” The quantity thus eliminated is very large. 
Thus Halliburton*' says of sodium chloride (common salt), that “about 
1(1 gms. (247 grains) are daily excreted in the urine, and smaller quan- 
tities in the sweat and fieces.” Halliburton also says in this connection 
that “during its passage through the body, it facilitates the absorption 
of protcid food, and increases tissue metnl)olism.” This applies as well 
to morbid states. Thus, Formica and MichelF" found that the physio- 
logical salt solution increas(*d nutrition in convalescents, and the pro- 
portion of red corpuscles. The anorexia and redm;ed nutrition which 
accompany febrile diseases necessarily follow from the well-known fact 
mentioned by Labbc*® that during digestion the alkalinity decreases, 
while it is lowered during fasting. 

In diseases in wliicli the intake of food is reduced, the pro- 
portion of the various salts in the blood should not, as is now 
the case, be taken as guide for the elaboration of artificial sera, 
since the excretion of these salts with, or as, wastes, does not 
correspond with this proportion.* The aim should be to com- 
pensate for the salts of which the body is deprived through the 
reduced diet, to enable it to carry on its bacteriolytic and anti- 
toxic functions to the best advantage.* To neglect this factor 
in a febrile case is to compromise the issue. 


• Author* 8 ronclmion. 

** Hutchison : Lancet, Mar. 7, 1896. 

Halliburton: Schafer’s “T. B. of Physiol.,” vol. 1, p. 77, 1898. 
Fornaca and Mlchcll: RIforma medica, vol. xviil, II, p. .*174. 3902. 
"Labb6: Presse mCdicale, Oct. 18, 1902. 
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Since I pointed out‘” the importance of supplying the patient in all 
febrile diseases, from the beginning, the salts he fails to receive owing 
to the reduced diet which his sickness entails, a number of clinicians 
have carried out this plan, as to the sodium chloride, with marked 
advantage, as will be shown under “Treatment” of the various dis- 
eases in which this measure is indicated. J. B. Todd, of Syracuse, hav- 
ing found that saline solutions were as elTective when used as beverages, 
as when given subcutaneously or by enema, while .T. Madison Taylor, of 
Philadelphia, found that the ordinary saline solution tablets fulfilled 
the object admirably for the preparation of the beverages, there is no 
ground, on the plea of complicated technique, to deprive the patient 
of a measure which in acute fevera is of greater importance than any 
drug. 

On the whole, the proportion of sodium chloride and alka- 
line salts to be administered slionld correspond with the diminu- 
tion of nourishment which the disease, in one way or another, 
entails.* If the patient receives in the twenty-four hours one 
quarter of liis usual food, the salts given should be three- 
quarters of the quantities excreted, taking into account size, sex 
and age; if the food-intake is reduced only one-half, but one- 
half of the salts (ixereted arc necessary, die,. The proportions 
would then be as follows: — 


An ndult man takinf; 
in 24 hours 

Sodium Chloride 

Sodium Phosphate 

1 Food 

60 grains i 

f 4 Kins. ) 

15 grains (1 gni.) 

1 n 

120 “ 

( 8 “ ) 

30 “ (2 gins.) 

1 n 

180 “ 

(12 “ ) 

45 “ (3 “ ) 

0 “ 

240 “ 1 

(16 “ ) 

60 “ (4 “ ) 


These salts may be added to the milk, broths, or other bev- 
erages and foods. It is most important that the patient should 
drink water freely, especially in febrile processes, to preserve 
the normal specific gravity of the blood and other fluids. Tliis 
serves also to insure a low specific gravity of the urine, not- 
witlistanding the free elimination of acids and other wastes, thus 
protecting tlie kidneys. 

When the salts cannot be administered entirely by the 
mouth, they should be given by enema, and, if necessary, sub- 
cutaneously or endovenously, injecting in the latter cases the 
classic saline solution — approximately one teaspoonful (or more 
exactly, 69 grains) of common salt to one pint of sterilized 
water at not less than 110® P. — and very slowly. It does not 

• Author* a conrluatm. 

>» Cf. vol. I, p. 787, 1903. 
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itself raise the temperature, sis is now taught: it enables the 
blood suddenly to resume its antitoxic functions, the hyper- 
thermia being but an expression of the life-saving process.* 

For liypodermoolyais or intravenous injection the plain saline solu- 
tion is the most satisfactory and safest. The addition of sodium hicar- 
honate, recoin mended by some, tends to cause local gangrene, as shown 
by Bai.sh“^ and others, but this salt may be given advantageously by the 
mouth when there is acidosis. Another salt, sodium sulphate^ appears 
in many foreign formiilai, but, as we have seen, it is a waste-product and 
useless. Calcium, which, according to Howell, Jacques Locb and others, 
stimulates the heart, is eliminated in such small (lllantiti(^^ that it need 
not be replaced. It tends, in fact, to promote the formation of emboli. 
Potassium, as shown by l-.oeb, Matthews, Fischer and others, prolongs 
cellular life; but a very minute quantity suflicei for this purpose, and 
as milk contains potassium chloride, it supplies the needs of the body. 
The precautions to be observed in injecting saline solution are the fol- 
lowing: The solution. and apparatus should be sterilized, and the skin 
be thoroughly cleansed at the place of injection. The temperature should 
be 110® to 115® F. The passage of air into the tissues or vess<*ls should 
be avoided. Never more tlian half a pint should be injected in one ])lnco 
in the cellular tissue. The infusion should be carried out slowly; about 
one ounce a ininutc can be safely introduced into tlie veins or the sub- 
cutaneous tissue. 

Contraindications and Untoward Effects. — The contrainrli- 
cations are sel f-evidont : if there exists any cederna, pericar- 
dial, pulmonary, peritoneal, etc*., especially if this is due to 
renal disorder, the addition of a large (piantity of fluid and a 
marked increase in the osmotic property of all body fluids will 
naturally increase the trouble. When nepliritis is present, the 
enhanced iiK-tabolic activity which saline solution causes will 
aggravate the renal disorder by increasing the wast(i-])rodiicts. 
W'heii the patient is liable to lucmorrhages, pulmonary, utcTine, 
eorehral, etc., to increase the osmotic properties of the blood will 
augment the danger. In arterioseI(?rosis, cardiac degeneration, 
etc., they are believed to lie dangerous, but evidence to this elTect 
is lacking. 

The latter belief is based on the mistaken theory that the solution 
distends the arteries, but Sollmann®^ found that intravenously injected 
solutions of sodium and potassium disappeared in great part from the 
circulation per sc and passed into the tissues by physiological nitration 
as injected, then out with the urine. Even large quantities failed to 
augment the fluid conUmts of the vessels. J. B. Briggs"® ascertained 
Hphygmomanometrically that ‘it is useless to infuse with any idea of 
filling up the depleted vessels fin shock]; the water and salt are ex- 
creted probably quite as rapiilly us they pass into the circulation.” 


• Authors eoncluftion. 

®‘BaiBh: Deut. med. Wooh., Sept. 4, 1902. 

^^Sollmann: Archlv f. exper. Path. u. Pharm., Bd. xlvl, S. 1, 1901. 
®® J. B. Briggs: Johns Hopkins llosp. Bull., Feb., 1903. 
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The supposed untoward effects are really not such.* As 
previously stated, the elevation of temperature produced is not 
due to a direct action of the saline solution, as now believed: it 
is due to the fact tliat the blood is enabled by it to resume its 
bacteriolytic and antitoxic functions, a process which entails 
a rise of temperature.* ^riie rise of vascular tension is but a 
normal outcome of this process, the muscular coat of all ves- 
sels and the cardiac muscle itself being also the seat of en- 
hanced metabolic activity.* The glycosuria is also but a proof 
that the adrenal system itself is suddenly liberated,* since we 
have seen that adrenal extractives provoke glycosuria. 

RKMEIMES ISED TO INFTAjENCE SPECIAL GROANS. 

All remedies acting, in the light of my views, through one 
or more nerve-centers, no drug ingested and absorbed from the 
alimentary canal, or administered subcutaneously, intravenously, 
etc., should act s])ccitieally upon any one organ without influenc- 
ing others in the same way. This fact is emphasized by the 
physiological elfecis of the drugs analyzed below — which are 
usually referred to as ^docal remedies.^^ 

rnrfjaUvcs are shown to act in various ways. The first of 
these is by their direct irritating action on the intestinal mucosa, 
which causes its glandular elements and the organs forming part 
of the digestive system to increase their activity reflexly. Here 
tin* drug is not absorbed, however; it acts precisidy as would an 
irritant applied to the conjunctiva. An important feature is 
illustrated in this connection, viz., that the main action of pur- 
gatives is to provoke an increase of auto-antitoxin in the intes- 
tinal fluids which tends to asepticize the contents of the canal. 
It applies as well to purgatives, such as mercury, which are 
absorbed, since, as we have seen, this metal stimulates power- 
fully the adrenal mechanism and enriches all secretions in auto- 
antitoxin. 

Emetics may likewise act as local stimulants, the irritation 
of the gastric mucosa causing vomiting reflexly, as is well 
known. Others, apomorphine, for instance, are shown to pro- 
duce the same effect in another way: they do))ress markedly the 
sympathetic and . vasomotor centers, and cause such marked 


* Author’s conclusion. 
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general vasodilation through relaxation of their walls that blood 
enters freely into all glandular elements. Those of the gastric 
mucous membrane, among others, becoming hypcracmic, a con- 
dition similar .to that i)roduccd by direct irritants, such as mus- 
tard, is awakened, and vomiting occurs. 

Diaphoretics dilTer from emetics in that they depress the 
sympathetic center only. All arterioles being dilated, an influx 
of blood occurs into all glandular capillaries, including those of 
the sweat-glands. Whereas emetics cause passive hyperaemia 
only, diaphoretics cause local increase of function, owing to the 
normal condition of all vessels exce])t the arterioles, '^riie secre- 
tory activity of the sudorific glands, among others, is there- 
fore markedly raised, and sweating occurs. 

OxytocicSj of which ergot is the main type, produce their 
effects by stimulating actively the vasomotor center. They thus 
drive a large amount of blood to the various organs, including 
the uterus. The contractile power of the uterine muscle being 
thus greatly enhanced, it resjionds with correspondingly greater 
energy to the periodical impulses it receives during parturition. 
Tlie influence of oxytocics on haemorrhage is due to this potent 
constrictor action on the smaller vessels governed by tlic vaso- 
motor center; but the fact that blood is forced peripherally by 
these drugs renders them dangerous for this purpose. 

Diuretics . — TJiese agents are shown to produce their effects 
in various ways. Saline solution, for instance, indirectly en- 
hances metabolism through its influence on osmosis. An excess 
of waste-products being produced, the kidneys arc caused reflexly 
to increase the excretory activity — a process aided by the excess 
of water introduced into the blood. Digitalis also causes diure- 
sis by increasing metabolism, since we have seen that it stimu- 
lates the adrenal mechanism. Mercury, another diuretic, is also, 
as shown, a powerful adrenal stimulant. These remedies all 
raise indirectly the vascular tension — an active factor in the pro- 
duction of diuresis. 


riJRGATTVES. 

Physiological Action. — Most purgatives increase the secre- 
tory activity of the intestinal glands by causing irritation of the 
intestinal mucosa, Le., by augmenting reflexly the local blood- 
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supply through the vagus, the stricto-dilator nerve* of the ali- 
mentary system. As the intestinal juice, owing to the pres- 
ence therein of adrenoxidase (secretin), nucleo-protcid (which 
with adrenoxidase forms enterokinase), and pancreatic juice, 
including trypsin, all of which jointly form auto-antitoxin, the 
physiological purpose of this increase of seerStion is evidently a 
protective one, viz., to rid the intestine of an irritating sub- 
stance.* If this canal happens to contain pathogenic organ- 
isms, toxins or other harmful substance, they are likewise ex- 
posed to the action of the auto-antitoxin in the intestinal juice. 
This is one of tlie most important functions of the intestinal 
juice, and the therapeutic value of purgatives is mainly due to 
the fact that they accentuate the efficiency of this function.* 

Thiry” found that flight mechanical irritation, as tickling with a 
feather, siifficc<l to cause an cxiKised area of the mucosa of the small 
intestine to secrete. Tlie inauence of local irritation is further shown 
by the fact that in herbivora, the large pro|X)rtion of refuse or residuum 
left in the intestine causes the stools to be loose, while in carnivora they 
are habitually dense, with a tendency to constipation. Thiry failed to 
increase the secretory activity of the intestinal mucosa by the local 
application of purgatives, but several other observers have obtained i)osi- 
tive results. In a<!cord with Moreau,®* Vulpian,®" for example, found 
that a solution of magnesium sulphate or jalap injected into the small 
intestine caused a local catarrhal congestion with the efTusion of much 
fluid, which was found to contain red corpuscles and leucocytes. Lauder 
Brunton®^ also found that Kpsom salt, gamboge, elaterium and croton oil 
stimulated the secretory activity of the small intestine. Manquat™* 
states that all the experiments performed to demonstrate that irritation 
W'as produced could be summarized as follows: when an exposed coil of 
small intestine was ligated in four places a few inches apart, thus form- 
ing three segments, the injection of a cathartic substance into one of the 
three caused this segment alone to become filled with li(]uid. H. C. 
Wood, Sr. and Jr.,®" state (190(5) that “the evidence, both experimental 
and clinical, is indeed overwhelming in favor of increased secretion.** 

*rhat the secretory activity of the intestinal mucosa is due to nerv- 
ous action, and that the secretory nerve is the vagus, is shown by the 
fact that H. C. Wood, in 1870, found that division of the vagus on both 
sides, in the neck, prevented the action of purgatives. V'ulpian,*® as a 
result of the experiments recited al)ove, concluded that the increase of 
secretion produced by the local irritation of cathartics was due to reflex 
action. 

The presence of the various constituents of what I have since termed 
“auto-antitoxin** in the intestinal juice was shown in the fourteenth 
chapter,^* to which the reader is referred. 

• Author's eoncluttion. 

** Thiry: C. R. de I’Acad. de raM., vol. xlvl, 1868. 

“ Moreau: JMd., July 5. 1870; Sept. 12. 1871. 
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Wood, Sr. and Jr.: Loc. cit, thirteenth edition, p. 646, 1906. 
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Another prominent physiological effect of purgatives is to 
increase the peristaltic movements of the intestines, in addi- 
tion to their stimulating influence upon the secretory activity of 
the intestinal mucosa. Saline purgatives do not increase intes- 
tinal peristalsis, however, when given in therapeutic doses — 
an important practical fact when it becomes necessary to 
asepticize by purgation* ** and flush the intestinal canal without 
increasing the movements of its walls, as during the onset of 
peritonitis, appendicitis, etc. 

Nothnagpl and Rossbacli^* conclude that “the principal cause of 
purgation lies in an increase of the peristaltic movements of the intes- 
tine.” The experiments of Legros and Onimus/® Houckgeest^* and others 
have shown, liowever, that this does not apply to saline purgatives. 
Vulpian, in the course of the experiments referred to above, found, in 
fact, that while jalap and other veg<‘tjihlc cathartics increased peris- 
talsis, the salines did not. Radziejewski^® found that purgatives in gen- 
eral increased the peristaltic movements of the small and large intestine, 
hut that it was mainly hy enhancing those of the colon that the alvine 
dejections were rendered more frequent. Lauder Rrunton teaches that 
there can he no douht as to the fact that purgatives increase hoth tin? 
secTetory activity and the peristaltic movements of the intestine. Wood, 
Sr. and Jr.,^® adduced a numher of facts which are, they state, “ineom- 
patihle with any other helief than that purgatives cause hoth iiicniased 
sec?retion and increased peristalsis in the alimentary canal.” Experi- 
mental evidence shows clearly, however, that an exception must be made 
as to the salines. 

Mercurial purgatives do uot produce their effects through 
cither of the two mechanisms described above.* After being 
taken up from the intestinal canal they act as ordinary drugs 
by exciting the test-organ, and tlirough it tlie adrenal center.* 
By thus increasing tlie j)roportion of adrenoxidase in the blood, 
tliey raise the secretory activity of the pancreas and of the in- 
testinal glands by enhancing their intrinsic metabolism.* They 
also augment the proportion of adrenoxidase that traverses the 
liver, this substance appearing in the stools as biliverdin and 
giving them the familiar green color.* Mercurial purgatives 
enhance the bacteriolytie antitoxic properties of the blood (espe- 
cially in the liver), besides that of the intestinal canal.* 

The physiological action of mercury was reviewed at length under 
the heading of that drug, to which the reader is referred. We have 
seen that mercury, even when ruhhed into the skin, sufficed to provoke 

• Author’s eonvluHlon. 
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violent irritation of the intestinal muifosa and diarrhtea by increasing 
excessively the proteolytic property of the blood. This shows that pri- 
mary contact is not a sine qua non of purgation. P(Mlophyllotoxin was 
found by Ncuberger” to purge when given hypodermically and to cause 
intestinal hyperemia. Apocodeine, introduced by Guiiiard, has also been 
found elTective as a cathartic, when given subcutaneously, by Raviart, 
Heinze^® and others. These, and other agents used in a similar way, 
markedly irritate the tissues at the site of injection and arc used no 
longer. It is probable that all cholagogiies act much as do the mer- 
curials, by a central action, but no evidence to that effect is available. 

Therapeutics. — Castor oil acts mildly as a stimulant of the 
intestinal mucosa, when therapeutic doses arc used, though 
quite active as a purgative. It ])rovokes just enough local hyper- 
lemia to enhance the germicidal and antitoxic activity of the 
intestinal fluids.* ITence* its value in diarrhcca and dysentery 
due to tlio presence of pathogenic organisms. It is, in fact, 
effective in all mycoti(f disorders ot' the alimcntjiry canal, espe- 
cially in children. In the bronchial catarrh of infants it is very 
efficacious as revulsive. 

Croton oil, owing to the violence with which it acts, in very 
small quantities, is of great value as a drastic jmrgativc in 
apoplexy, acute mania, tiramic coma, etc. By causing a copious 
outpour of intestinal fluid, it relievos the blood-pressure. In 
impacted feeres, or intestinal ohslruction, the large quantity of 
fluid with which the canal is flushed increases materially the 
chances of recovery. In lead colic it is especially advantageous, 
owing to the ra])idity of its action. 

Salines. — These salts include sodium sulphate, magnesium 
sulphate, magnesium citrate, potassium tarti’ate and bitartrate, 
and potassium and sodium tartrate. Of these tlui citrate and 
sulpliate (Epsom salts) are of especial value in intlamrnatory 
disorders of the abdomen, perilonitis, enteritis and threatening 
appendicitis, and in many acute fevers, not only because they do 
not cause peristalsis while flushing the bowel, but also owing to 
the intestinal antisepsis they tend to promote.* The purga- 
tive mineral waters, Seidlitz, ITunyadi Janos, Friedrichshall, 
Pullna, etc., owe their properties mainly to magnesium sul- 
phate. 

Mercurials. — 1'he therapeutic value of mercurials in this 
connection was revicw(‘d in the article on Morcurv. 

♦ Author's conclusion. 

Neuberger: Archiv f. oxpor. Path. U. Pharm., Bd. xxviii, S. 32, 1891. 

Helnze: Paychlat-nourol. Woch., Dd. v, S. 297, 190.1. 

2—37 



1378 INTERNAL SECRETIONS IN PHARMACODYNAMICS. 


The numerous other purgatives at our disposal present 
nothing of special interest in connection with the internal secre- 
tions, other than those referred to under ‘Tliysiological 
Action.” 


EMETICS. 

Physiological Action. — Certain emetics, such as mustard 
and zinc sulpliate, produce their effects by irritating tlie gastric 
mucosa. Afferent impulses being transmitted to tlie vagal cen- 
ter (in the posterior pituitary body*), the various muscles, 
gastric and thoracic, which take part in the act, arc reflexly 
stimulated, and the irritant is vomited. 

When such emetics as ipecac and apomorphine are em- 
ployed, they arc absorbed, and produce their effects by depressing 
the functional activity of the sympathetic and vasomotor cen- 
ters.* All arterioles and larger arteries being relaxed, the 
glandular elements of the entire body are passively congested 
and secrete vicariously.* The passive congestion of the gas- 
tric mucous membrane being supplemented by a more or less 
great outpouring therein of serous pseudo-secretion,* the same 
process that prevails when irritants are ingested occurs, i,e,, 
the stomach is ejii|)tied through reflex vagal action. 

AUhougli emetics which are first Jibsorhed, ipecac, apomorphine, 
etc., appear to influence only the stomach and the muscles that the act 
of vomiting brings into play, such is evidently not the case. Manquat,^* 
for instan(?e, states, referring to tartar emetic, “a dose of 0.01 gm. 
(Vfl grain) causes nausea, a gimeral malaise, salivation, exaggeration 
of the gastro-intestinal secretions, and at the same time sweating and 
exagg(»ration of the bronchial secretion.” He states also"® that ipecac 
causes prostration, coolness of the skin, salivary hypersecretion, sweat- 
ing, “hypersecretion of all the glands of the digestive apparatus (liver, 
pancreas, mucous follicles), this giving rise to a moderate diarrhma.” 
Even the nasal secretion is increased. Wood"*- states that the vomiting 
caused by apomorphine is accompanied by “excessive secretion from the 
salivary, nasal and lachrymal glands.” It is evident, therefore, that 
emesis is but one of the phenomena awakened by an emetic, and that 
these agimts, as do most drugs, produce their effects by acting upon a 
center. Indeed, W(K)d"® distinguishes emesis produced by local irritation 
of the stomach (mustard, sulphate of zinc, etc.) from that of “centric” 
origin. Gianiizzi"® found that after the cervical portion of the spinal 
cord had been divided in the dog, tartar emetic failed to produce emesis. 
Foulkrod'^ obtained the same result with emetin, the active principle of 
ipecac. 

• Author' R roucluRton. 
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That it is the vascular centers, i.e., the sympathetic and vasomotor 
centers, which are influenced by this class of drugs, and, moreover, that 
it is by depressing these centers that emesis is caused, is shown by tho 
fact that the blood-pressure is markedly lowered by ipecac, as observed 
by P<^cholier,“ Jleboul,^ Podwyssotzki,” Grasset and Amblard“ and 
others, as well as by apomorphine as shown by Harnack®“ and Reichert.®® 
/riie concomitant hyputliermia which occurs under such conditions 
through recession of blood from the surface is likewise present. Thus, 
Radziejewski®‘ found tliat the temperature could drop fl.fl° C. (11.8® F.). 
Ilayem"® observed that in the rabbit 0.005 gm. (V 12 grain) brought the 
temperature down 1® C. (1.8® F.) in one hour. Alanquat states tliat 
emesis is usually attended with a fall of 1® C. Apomorphine does like- 
wise, according to Nothnagcl and Rossbach,®® the temperature declining 
‘‘little by little.” 

The role of the vagus as the direct factor in the production of 
emesis is well shown by tlie fact that, as stated by Manquat, “the experi- 
ments of Chouppe, Polichronie and Dyce Duckworth have shown that 
emesis does not take place when emetine is injected after division of 
b<ith vagi.” The fact that emesis occurs while the emetic is being elimi- 
nated by the gastric membrane (Radziejewski ) being also established, 
we have three sources of irritation of the vagal sensory terminals in tho 
gastric mucosa: passive congestion, the serous se<*retion, and the ex- 
creted (and probably chemically transforine<l ) emetic. 

Untoward Effects and Poisoning. — Toxic; phenomena may 
be proclneed by ejnetics, especially in infants, feeble and aged 
subjects, the symptoms being those of collapse, with marked 
niuscnlar weakness and a steady lowering of the temperature. 
This is duo to increasing paresis of the sympathetic find vaso- 
motor centers.* In apomorphine poisoning, unconsciousness, 
failing respiration, and profound depression and convulsions 
(due to accumulation of toxic; wastes*) arc the main symp- 
toms, death being due to asphyxia. 

Both the sympjithetic and vasomotor centers being depressed, 
accumulation of hloo<l in the great vessels of the splanchnic area occurs. 
This is shown by the fact, “attested by Pt^eholier, Dyce Duckworth and 
d’Ornellas, that in emetine poisoning, although there is a distinct fall 
of temperature in the mouth and on the surface* of the body, in the 
intestine the temperature remains stationary, or more commonly rises.” 
Wood®* also states that “Dyce Duckworth especially noted intense hyper- 
femia of the lungs, which were in some places emphysematous, but in 
other portions collapsed” — the typical passwe hyperwmia of sympathetic 
paralysis. The recession of blood from the periphery produced by lar^ 
doses is also well shown by Wood’s additional statement that Afagendie 
and d’Ornellas had “also seen cases in which ischeemia of the pulmonary 
tissue was found after death.” 

• Author's conclusion. 
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There is considerable analogy between the action of emetics as 
described above, and that of hypnotics, previously submitted. Tartar 
emetic and other emetics have long been known to possess soporific prop- 
erties. C. J. Douglas'® has shown recently that this applied also to 
apomorphine. 

Therapeutics. — Ipecac as an enutic is given to adults in 30- 
grain (1.3 gin.) doses, repeated at intervals of twenty minutes' 
if necessary. In children 5-grain (0.3 gm.) doses siiHiec. 
Its action is aided by drinking lukewarm water freely. 1'he 
value of ipecac in dysentery is accounted for by the fact tliat 
by enhancing vicariously the activity of all glands, including 
tlie pancreas and intestinal glands, it increases the sterilizing 
properties of the succus entcricus.* Tliis serves not only to 
destroy pathogenic organisms that may be present, but also to 
hasten the resolution of lesions of the mucosa — a process fur- 
ther aided by the local hypcrocmia awakened. In licemoptysis 
it acts very favorably by diminishing general blood-pressure,* 
even when given in small doses. In chronic bronchitis, the same 
mechanism and the fact that it increases ilie secretory activity 
of the bronchial mu(!Osa renders it particularly clfective where 
the secretion is viscid and raised with diflhailty, notwithstand- 
ing hard and exhausting paroxysms of cougli. 

Apomorphine as an emetic may be given iiypodcrmieally to 
adults in Vj„ grain (0.006 gm.) doses at liftcen minutes inter- 
val until vomiting occurs, reducing the dose in weak or aged 
subjeifts. It may be given in larger doses by the mouth. In a 
child of eighteen months grain (0.0013 gm.) and in one of 
eight years Van grain (0.0036 gm.) su/Ticc. In the cough of bron- 
chitis it is of marked value in small doses, repeated every three 
hours, to increase the bronchial secretion and hasten the process 
of resolution. In hysteria, it is of great value to counteract 
the muscular rigidity by relaxing the arterioles.* The hyper- 
a:‘mia of tlie central nervous system being also relieved,* the 
patient falls into a refreshing sleep. 

DIAPIIORETIGS. 

Physiological Action. — 1'he physiological action of dia- 
phoretics is well exemplified by jaborandi and its alkaloid, pilo- 
car pine, 

* Author' H conclusion. 
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These agents produce sweating by depressing markedly the . 
sympathetic center.* The diaphoresis represents only, however, 
an epiphenomenon of the effects of jaborandi, all glands being 
affeiited in the same manner as the sweat-glands.* The de- 
pression of the sympathetic center, by causing dilation of the 
arterioles of all these organs, causes functional hypennnia 
of their capillaries;* hence the increase of secretory activity. 
Hence also* the Hushing of the face, the salivation, lachryma- 
tion and, in some instances, the diarrhoea and vomiting 
observed. 

That sweating is but one of the phenomena of a drug which affects 
all glands as well as the sweat-glands is sustained by considerable evi- 
dence. Thus, Tzistovitcih"® ascertained experimentally that pilocarpine 
stimulates gastrir, seendion, and that the gastric juice appears early in 
proportion as the dose is large. Edkins®^ and MaslolT® found that pilo- 
carpine administered caused intestinal 8<‘cretion. Ileidtmhain'® found 
that it caused intense secretory activity in the crypts of the colon. This 
applies to the muscular coat as well. Morar® and oth(*rs have found 
that it caused very active peristalsis in experimental animals. Ihiyliss 
and Starling’’ note that pilocarpine increased the pancreatic secretion, 
the latter being rich and thick. In all cases the gland seemed to tire 
rapidly and to become insusceptible to the drug. Lauder Brunton and 
Dclepine” found that pilocarpine stimulatcMl glandular activity of thci 
liver-cells. It increases the functional activity not only of the sweat- 
glands, but also of all cutaneous glands. Thus, liungley’® observed that 
in the frog the skin became covered with a thick, viscid secretion. 

That these phenomena are due to depression of the sympathetic 
center is suggc»sted not only by the facial hyperainiia, but also by the 
nausea and vomiting whi(di, as I have shown, are due partly to sympa- 
thetic? depression. Even the average dose may cause these sym pterins. 
1’hus, II. G. Wood,’’* referring to the effects of a therapeutic dose of tho 
infusion of jaborandi, states that “there is not rarely nausea, and some- 
times vomiting,” of “large (piantities of glairy mucus” he adds elsewhere 
in his text. Again, the increased functional activity of various organs 
provoked points in this direction. Horbaezewski,” for instance, found that 
pilocarpine produced, in man, a leucocytosis, and a proportionate in(?rejuse 
in the uric acid excretion, a fact Avhich shows that ^?n(‘ral metabolism 
is increased. Again, Murrell observed that in the frog, Vao grain (0.003 
gni.) of pilocarpine gsive rise to a marked increase of reUe.x activity 
and convulsion — phenomena which point to excessive hypenemia of the 
skin and central nervous system. Even the nerves are hyperjemic. 
C. R. Marshall,”* in the course of experiments with pilocarpine, noted 


* Author's conclusion. 
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that it increased the sensitiveness of the vagus to electrical stimulation. 
Finally, that it is by causing dilation of the arterioles that pilocarpine 
causes sweating is shown by tiie fact, demonstrated by Langley” in 1875 
and cOnfirined since by many observers, that absolute antagonism exists 
between this drug and atropine. Now, as I have shown, atropine con- 
stricts the arterioles. 

The peripheral hypcra'inia is aiiginent(?d through the fact* 
that the arterioles of tlic adrenals are relaxed, as are those of 
all other glands, and that the increase of adrenal* secretion pro- 
duced causes general vasoconstriction, the blood being driven 
towards the periphery^ Le.^ the skin.* 

The prevailing belief that pilocarpine increases the activity of all 
the glands of the body, including those of the skin, by acting directly 
upon them, is, to say the least, illogical when we consider that to V 4 
grain (0.008 to 0.016 gm.) will produce marked effects. The only proof 
of any w’cight, the fact that Luchsingin*,” and subsequently Nawrocki, 
found that division of the n(M*ves of a cat’s leg did not prevent the paws 
from sweating when jal)orandi was injected into the animal, fails when 
analyzed from my standpoint. All the vessels of the leg being dilated 
by the section of the vasomotor nerves, any general rise of the blood- 
pressure would cause a ilood of blood to invade these dilated vessels 
and the sweat-glands, and provoke sweating. Now, Wood, alluding to 
ReichertV® experinnmts, states that “immediately after the injection of 
the alkaloid [pilocarpinel into the jugular vein the art(Tial pressure 
fill Is, but in a few monumta the characteristic phenomena of a slow pulse 
with increased arterial pressure come on.” It becomes a question, how- 
ever, as to how this rise of pressure is produced, but w^e have the solu- 
tion of this problem in the fact that A. Pettit"” found the adrenals 
greatly congested and swollen in expcuimental animals poisoned with 
jaborandi. As this means hyperactivity of these glands, and as tho 
adrenal s(*cretion raises the blood-pressure, not through the vasomotor 
center, but, as I have shown, by enhancing me abolic activity in the 
muscu laris of all vessels the cause of the rise of blood-pressure is self- 
evident. 

I 

Untoward Effects and Acute Poisoning. — The symptoms 
which follow a toxic dose include the following: copious sweat- 
ing, vertigo, marked salivation, rhinorilicca, vomiting, diarrh(ea, 
strangling, dimness of vision, myopia, more or less marked car- 
diac oppression and metrorrhagia — all due to what amounts to 
paralysis of the arterioles.* Sudden death has also been pro- 
duced by a small dose (V3 grain — 0.021 gni.) pilocarpine 
given hypodermically. As it is the sympathetic center which 
is depressed by this drug,* it should be given witli especial care 
in debilitated and aged subjects. 

• Author* s conclusion. 

Langley: Brit. Med. Jour., Feb. 20, 1875. 
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Lanphear*^ recommends caution in the use of pilocarpine. Its eon> 
tinned use may also give rise to papulo-exudative dermatoses. Thus, in 
a case observed by liallopcau and Vielliard,^^ the histologic^il examina- 
tion revealed an inflamiiiatury exudate about the excretory ducts of the 
sweat-glands. 

Therapeutics. — J aborandi and Pilocarpine, — Tlie laticT 
drug is to be preferred, since it is less likely to provoke vomit- 
ing, It has been found of value in utcernia, chronic Jirifj Ill's dis- 
ease and dropsical conditions’; the benefit is due to the lower- 
ing of the blood-pressure which general dilation of arterioles 
insures,* and to the increased elimination of fluids and retained 
exerenientitious wastes. It is of use in erijsipelaSy owing to 
the fact that the cutaneous hypenemia means the presence in 
the affected area of an increased volume of auto-antitoxin.* 
Chronic eczema and otlier cutaneous disorders, especially those 
due to deficient secretion of the sweat-glands, are also improved 
by pilocarpine. In ophthalmic disorders associated with intra- 
ocular pressure, it is also valuable, owing to the general lower- 
ing of the blood-pressure it insures.* In orchitis it tends, 
through the same process,* to relieve the intense pain. 

Sweet Spirit of Nitre, — This agent, an alcoholic solution 
of amyl nitrite, acts, as does pilocarpine, by depressing the 
sympathetic. It is milder, however, and acts both as diuretic 
and diaphoretic. It is considerably used in febrile disorders of 
children when excitement, startings, etc., occur. By lowering 
slightly the blood-pressure it controls these phenomena.* 

OXYTOCICS. 

(Ergot, Hydrastis, Ilydrastinine.) 

Physiological Action. — Ergot in ordinary doses causes 
contraction of the uterus by augmenting the blood-supply of its 
walls* — a condition due primarily to the fact that it excites 
directly the vasomotor center. All the arteries of the body 
(with the exception of the arterioles, which arc governed by 
the sympathetic center*) being constricted, the blood is driven 
into the smaller vessels and capillaries of all organs, including 
the uterine muscle. The contractile power of this muscle being 


• Author's conclusion. 
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proportionate, as in all organs, with the activity of its intrinsic 
metabolism, its sensitiveness to the reflex motor impulses which 
the uterus receives periodically during parturition is corres- 
pondingly enhanced.* 

As stated by Mamiuat,** “it is generally admitted that ergot has a 
vasoconstrictor action upon the vessels; this opinion rests u^)on a large 
iiuinher of experiments.” Holmea*“ observed the constriction of the 
arteries in the frog and in the albino rabbit, marked anaemia of the cars 
of this animal being noted. A rise of the general blood-pressure (pre- 
ceded by a short period of depression) was also obtained experimentally 
by Kuhler,'« Kberty,«« IT. C. Wood ” Kobert and by Jacobi. Wood who 
refers to these experiments, states that “the rise in pressure, which is to 
be regarded as tlu^ characteristic effect of ergot upon the circulation, is 
due to a constriction of the blood-vessels,” and that “Holmes, Wernieh,*'* 
Vogt,"® Kersch,"' Schtiller"'^ and Bricsemann"'* assert that they have seen 
invariably diminution in the caliber of the arteries under the iiilluence 
of ergot.” 

The more recent experiments point in the same direction. 
IMuinier"* found that the intravenous injection of the lliiid extract of 
ergot produces in the dog a marked elevation of the blood-pressure in 
the pulmonary artery. II. H. Dale"® observed “a stimulant constrictor 
effect upon certain organs coni|)oscd of plain or unstriated muscle-fibers, 
among which are the arteries, the uterus and the sphincter of the iris.” 
'J’he 300 painstaking experiments of Sollniann and Brown,"" which seem 
to controvert ail this evidence, are unfortunately of no value. They 
overlooked the fact that the amesthetic they administered to their dogs, 
ether, caused a very marked rise of pressure, and that the ergot could 
not raise it heyoml this level. Hence their erroneous conclusion that 
“there is no evidence of strong vasoconstriction.” The slowing of the 
pulse is readily accounted for by the increased resistance of the blood- 
column to the cardiac contractions, produced by the gencual vasocon- 
striction. 

That the rise of blood- pressure is due to a centric action was shown 
experimentally by J. (\ Hcmincter,"’ who found that the rise did not 
occur Avhen tl’ic spinal cord was severed, and, in ac(;ord with Wernich,"'* 
that after this operation ergfit could no longi*r provoke uterine contrac- 
tions. 

Full thcrapcaitic doses of ergot cause such marked con- 
striction of tlie arteries tliat the lumen of the smaller vessels 
becomes suHiciently narrow'ed to interfere with the circulation.* 
The blood-stream being slowed in the arterioles and capillaries. 


• Author' 8 conclusion. 
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the opposite condition to that described above is produced, viz., 
ischaemia of the organs which these small vessels supply.* The 
peripheral temperature is then reduced and the patient com- 
plains of cold — a danger signal which indicates that an excess of 
.the drug is being administered.* 

Before I had realized this fact, I caused complete — though tem- 
porary — inertia of the uterus by the use of excessive doses in a case 
re<iuiring prompt delivery. 1 blamed the ergot at the time. Wood*" 
states in the lower animals the symptoms of intoxication “arc mainly 
paralytic, and that the only ones which arc in any sense characteristic 
are the anwsthe,sia and the coldness of the surface. As this coldness of 
the surface has been noted in various women in whom the drug has 
caused fatal abortion, it is probably characteristic of the poisoning.” 
liinger and Sainsbury'^ found that ergotin slowed markedly the rate of 
flow through the arterioles, llemmeter^*'' noted that in poisoning the 
temp(*raturc sometimes fell more than 2° C. (3.(5® h\) in human beings 
and 5® C. (9® F.) in animals. 

Untoward Effects and Poisoning. — The earlicn* effcxls of 
crgot-poisouiiig are due to the great accumulation of blood in 
the peripheral vessels, wlii('li a large dose of the drug provokes 
by violently stimulating the vasomotor center,* viz., formica- 
tion, tingling, giddiness, delirium, flushing, purpura, tinnitus, 
dilation of the pupil, colic, spasmodic contractions of the mus- 
cles, opisthotonos or emprosthotonos, and even epipleptic con- 
vulsions. The constriction of the vessels increasing rapidly, this 
hyperjemia is soon replaced by ischiemia* of the tissues: the 
skin then assunu's an earthy hue, the surface b(*cojnes cold, 
there is great Jiiuscular Aveaknc'ss and fatigue and numbness 
particularly of the extremities, nausea, vomiting, and the resinr- 
ation is labored. More or less suddenly collapse occurs, due to 
hyperconstriction of the cardiac coronaries* and of the arteries 
of the anterior pituitary and thyroid.* The pulse then becomes 
very rapid and weak, the blood-pressure falls rapidly and death 
follows. 

In chronic ergotism^ which does not occur in this country, 
all these symptoms may develop gradually, but here another 
typical symptom of excessive constriction of the arteries occurs, 
viz., dry gangremi, hciginning at one of the extremities, espe- 
cially the toes, or the nose, lips and ear. 


• Author's conclusion. 
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The explanations submitted of these various symptoms are self- 
evident when the vasoconstrictor action of the drug is taken into account. 
Wood*®* states that “ergotic gangrene can readily be produced in the 
comb and tongue of chickens” and "von Recklinghausen asserts that the 
essential lesions in these cases are hyaline thrombi in. the arterioles and 
capillaries” — an obvious proof that it is not these two kinds of vessels 
that are hyperconstricted, but the arteries behind them. Again, Wood 
states that "by toxic doses the rapidity of the heart’s action is increased, 
and, according to Boreischa, galvanization of the par vagum has at this 
time little or no effect upon the pulse.” The cause of this is also quite 
plain when interpreted from iny viewiioint: the coronaries are already 
so constricted that stimulation of the vagi can contract no farther. 
Hence the cardiac arrest. 

Therapeutics. — In the light of the above facts, a very small 
(lose of ergot (10 minims of the fluid extract) is alone effica- 
cious in the uterine inertia of parturition. Such a dose has also 
the advantage of avoiding tetanic (‘ontraction of the uterus, a 
condition which tends to cause retention of the placenta. Ergot 
is also useful in post-partum hcemorrliaga ; liere a full (lose may 
be given, and it may be administered hypodermically to obtain 
more rapid results. It has been used to prevent haemorrhage 
from the lungs, stomach, intestines, etc., but the marked rise of 
blood-pressure it provokes before causing sufficient contraction 
to arrest the flow renders it a dangerous remedy in these con- 
ditions, In uterine luemorrhage due to the prescime of ’fibroids 
or other neoplasms, however, it has given excellent n^sulls, and 
tends to cause shrinking of the growth when given in full doses. 
In chronic dysentery and chronic diarrhm ergot sometimes 
proves curative by causing hyperaemia of the small and large 
intestine and hastening resolution. It is of value also in 
adynamic depression, melancholia and neuropathies in which 
hypochondria is a prominent symptom, the benefit being due 
to the increased volume of blood which the cerebro-spinal sys- 
tem receives.* 

DRUGS WHICH RESEMBLE ERGOT IN THEIR PHYSIOLOGICAL 

ACTION. 

Hydrastis. — The physiological action of hydrastis and of 
its alkaloid hydrastine is similar to that of ergot. It stimu- 
lates the vasomotor center less violently, however, and its action 
in therapeutic doses is limited to the stage of hyperaemia of all 


* Author's conclusion. 
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organs, including the mucous membranes.* It has been used 
advantageously, therefore, in various disorders of the latter, viz., 
chronic gasiro<ntestinal catarrh, chronic rhinitis, otorrhoea, 
dysmenorrhm, chronic vaginitis, gonorrhwa, etc. 

Hydrastininc, an alkaloid obtained by the oxidation of 
hydrastine, has been employed with considerable success in 
uterine hajmorrhages, menorrhagia, and metrorrhagia, being 
more active than hydras-tis or hydrastine as a vasoconstrictor, it 
is also useful in the same disorders as hydrastis, especially 
dysmenorrhm. 

DIURETICS. 

The diuretics most used at the present time are drugs 
which have been treated in full in the preceding pages. ^Their 
property as sucli need alone be referred to. 

Saline solution has been thought to act as an ‘‘haemocathar- 
tic,’^ the excrementitious products of tissue and other wastes, 
detritus, etc., being, it was believed, simply washed out of the 
blood by the excess of water introduced therein. I have shown 
in the earlier portion of this chapter that the process is really 
a nobler one, so to say, and that the introduction of saline so- 
lution into the organism enhances greatly the efficiency of the 
body’s auto-protective processes. The proteolytic activity of 
the auto-antitoxin being greatly augmented,* there is soon 
thrown into the lymphatic channels an unusual quantity of 
products of catabolism which must be eliminated, partly by the 
urine. A prominent cause of diuresis is now present, viz., re- 
flex stimulation of the secreto-motor center (located in the pos- 
terior pituitary) which governs renal action.* The kidneys are 
thus activated and a freer flow of urine follows — carrying along 
with it the excess of wastes. We need not inject a quart of 
saline solution to produce this eflFectj much smaller quantities 
will evoke it; but if at least a pint is employed the action will 
be greatly facilitated, since the organism promptly rids itself 
of the fluids that arc useless to it. Plain water is an excellent 
diuretic for this reason, as is well known. 

Digitalis . — ^When the infusion is used the fluid aids the pro- 
cess, and, as suggested by Huchard, it is probable that the min- 


* Author's conclusion. 
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eral salts the leaves contain contribute somewhat to its diuretic 
effects. Diuresis may be obtained with digitalin, however, a 
fact which shows that the drug is itself active in this connec- 
tion. Its mode of action becomes plain, in view of its main 
general property, that of a potent stimulant of the adrenal 
center.* As this stinuilates metabolism in all tissues, we have 
again an unusual production of tissue-wastes and the same cen- 
tral excitation (reflex) of the renal functions that saline solu- 
tion affords,* though caused in a different way. Of material 
aid to the process is the increased vaseular tension which the 
drug causes by activating indirectly metabolism in the muscu- 
lar coat of all arteries.* A rise of blood-pressure is a recog- 
nized cause of diuresis. Digitalis is especially elficient in car- 
diac dropsy — a result readily accounted for by the above- 
described physiological action. 

Squill acts much as docs digitalis, including its action on 
the cardiac muscle, the arteries and general metabolism in- 
duced by a stimulating action on the adrenal center through 
the test-organ.* In large doses it stimulates the kidneys vio- 
lently, causing sometimes hacmaturia. It is used in dropsy, 
pleural and pericardial effusions and the cardiac dropsy, but any 
form of nephritis is a contraindication to its use. 

Calomel, — We have seen that this salt is an active diuretic 
also by enhancing general metabolism, thus causing rapidly an 
ex(;ess of waste-products in the blood.* When its use is pro- 
longed it is also capable of causing grave renal disorders, in- 
cluding hamiorrhagic nephritis. It is very cflicicnt in cardiac 
dropsy, however, and in anuria of asthenic origin in which the 
blood-pressure is low. 


* Author's conclusion. 
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‘the internal secretions in TIIEIR RELATIONS 
TO PATHOGENESIS AND THERA PETJTICS. 

ADRENAL SYSTEM AS IMMI^NIZINO MECHANISM, 
AND CAN( EU. 

In tlio first cMlition (which appeared m January, IDOli) of 
the present work/ the I'ol lowing lines a})pear: ^‘Certain growtiis, 
particularly tlie more malignant forms, sarcoma and carcinoma, 
seem closely connected with adrenal insufliciency and its normal 
consecpiences. We Jiave seen that trypsin, fibrinogen [a nucleo- 
proteid compound | and the oxidizing substance were simulta- 
neously necessary to insure the destruction of cells in vitro, and 
I'urthermore, that this process required, in addition, the presence 
of alkaline salts. That the destruction of worn-out or degen- 
erated cells is a function of these very elements in the blood, is 
evident. InsufiicicuKjy of the adrenals, therefore, by reducing the 
relative proportion of these four constituents in the blood-stream, 
must correspondingly inhibit this physiological process in all 
])arts of the organism.^^ Thus, any region ^hnay become the 
seat of this malignant growth, or rather of a local accumulation of 
the aberrant or worn-out cells which enter into its formation. 
The great vascularity of these growths suggests an elfort of 
Nature to cause their elimination, but mitotic proliferation is 
alone induced, the blood being deficient in the four constituents 
which should insure destruction of the morbid cellular elements.^’ 

I pointed out also in this connection, in the same volum.e,*'* 
and under the caption “The Internal Secretions in their Rela- 
tion to Immunity,” that these “four constituents” were “the 
active immunizing agents of the organism,” and that they o^yed 
their immunizing properties “to trypsin.” 

Over two years after I had done so, ihe close relationship 
between immunity and cancer was emphasized by several investi- 

' Cf. vol. 1, p. 785, 1st Ed., 1903. 

» cy. vol. 1. pp. 609 to 666 Incl., Ist Ed., 1903, 
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gators: in this country by Gaylord, Clowes, and Bacslack;® in 
Gc'nnany by Ehrlich,^ Sclidiie,® Sticker," and otliers. The re- 
searches of tlie Imperial Cancer Ecsearch Fund investigators for 
190G, 1907, and 1911^ have shown, moreover, that a high degree 
of resistance to the transplantation of cancer in mice could be 
obtained. But curiously enough, this did not prevent the spon- 
taneous development of cancer in these animals. Might not 
exuberant resisting power entail a correspondingly active tend- 
ency toward morbid cell proliferation, and normal immunizing 
power oxei*t a positive protective influence against spontaneous 
development of malignant neoplasms? The possibility that a 
loss of balance in this respect, both deficient and excessive im- 
munizing activity standing as etiological fai'tors, is suggested in 
the following pages, in which thyroiodase acting as opsonin, tryp- 
sin acting as complement, adrenoxidase aciing as amboceptor 
and nucleo-proteid play, witli the leucocytes, the leading roles. 

The need of a working proposition in this direction, the 
most promising one as to jiathogenesis, is enhanced by the fact 
that the (Mincer Hesearch Fund investigations have also shown 
that cancer was not due to a common causal parasite. 

CANCER. 

Definition. — Cancer is primarily due to hypoactivity of the 
body’s auto- protective mechanism, the adrenal system, the result, 
in turn, in most cases, of premature senility. It is a vicarious 
over-growth of tissue-cells which the agents of this system, 
leucocytic and humoral, should have destroyed in its incipiency, 
i.e., when but a nidus of proliferating cells formed as a result 
of local irritation by traumatisms, inflammatory foci, parasites, 
moles, warts, etc. The defensive agents, phagocytes and auto- 
antitoxin, being those which, under normal conditions, caiTy on 
general nutrition, they are able only, owing to their iiisufTiciency, 
to nourish the tumor and promote its development.* 

This definition differs radically from those previously adduced 
by others, hut the need of new lines of thouglit in this connection is 

• Author’s conclusion. 
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emphasized by the labors of the Imperial Cancel Research Fund investi- 
gators, whose director, Dr. E. F. Bashford, wrote;® “In our investiga- 
tions we have obtained evidence against all the explanations yet advanced 
as to the cause and nature of cancer,” and, moreover, that “at present 
any attempts to directly ascertain the cause and nature of cancer are 
surrounded by so many sources of fallacy that,” in his opinion, “they 
remain today as unprofitable as they have been in the past.” 

Symptoms. — The symptoms of cancer differ according to 
their location. The typical phenomena of the disease are in 
reality only witnessed when some external organ, the skin, the 
mammary gland, etc., is affected; while all the internal cancers 
soon provoke, in addition, morbid effects due to any interference 
with physiological functions which their presence entails. 
(Common to all cases, however, is the terminal phase of the dis- 
ease, i.e., the cancerous cachexia, which consists of more or less 
rapid emaciation, amemia and muscular weakness, the precur- 
sors of final exhaustion. 

A brief survey of the leading symptoms can alone be given in 
this connection, and the reader is referred to special works for greater 
detail. In fact, the symptomatology would have been omitted were it 
not that the reader wouhl have to consult works on dermatology, sur- 
gery, jiractice and special works on cancer to obtain even the present 
brief r^sumfi of the various organs referred to. The division into “ex- 
ternal” and “internal” cancers renders it imiK)S8ihle to illustrate the spe- 
cific symptoms of the disease, those of cutaneous cancers, and, therefore, 
to differentiate them from those due to intt^rference with functions. 

External Cancers. — Skin . — The starting point of car- 
cinoma of the skin or mucous membrane may be an excrescence 
of long standing, such as a pigmented mole, an ordinary mole, 
a senile wart, or cutaneous disorders, a fissure or abraded area 
of the lip, a psoriatic or scaly sebaceous patch, an adenoma, a 
nodule, a scar, etc. Without apparent cause, but occasionally 
after irritation or injury, any of these apparently benign cellular 
aggregates begin to grow. They ulcerate at the base, mainly at 
the expense of the cutaneous structures, until finally the typical 
epithcliomatous ulcer is formed, i.e., irregular in shape, with 
raised everted edges. The bottom of the ulcer is very uneven 
and covered with a foetid sanious secretion, and bleeds readily 
when touched. It may assume various shapes; hence the 
•^cauliflower” and other appearances. In most cases pain only 
comes on late, tho discomfort being due to the ulceration. 


* E. F. Bashford: Brit. Med. Jour.. Dec. 9. 1906. 
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When it appears it is of a lancinating character and may become 
very severe. The duration of cutaneous carcinoma varies 
greatly — from less than four years to decades. A favorite site 
is the lower lip; other regions fre(iueiitly affected are the face, 
breast, genitalia, rectum, etc. 

Cutaneous sarcoma is usually secondary, but it may de- 
velop primarily from a pigmented naevus or other cutaneous 
excrescenc(», especially whe^n irritated. Sarcomata develop and 
multiply, break down and provoke metastases more rapidly than 
carcinomata, and dciath may occur within a few months, though 
in most cas('s life is jirolonged a few yciars. The form that de- 
velops from nawi may retain its color, and merely grow and 
ulcerate, or it may become bluish or black, sessile, oval or 
splierical and hard ; after growing for a while it ceases to do 
so, but others develop in other regions. All finally break down, 
forming melanotic ulcers which secrete a black substance and 
some pus. Death usually occurs from intestinal metastasis. 
Sarcoma may also appear as a diffused path or patches, beginning 
from minute brownish or purplish nodes, which become infil- 
trated and project, the skin being glossy and irregular. Various 
other rarer forms have been described, all embodying more or 
less prominently the characters just described. 

Mammary Gland. — I'wo forms of cancer occur in this or- 
gan, the scirrhous, hard or fibrous cancer ; and the enceplialoid, 
or soft, cancer. Tn scirrhous cancer, the organ may preserve its 
form though becoming large and hard, the growth being deep- 
seated, or it may collapse or atrophy, the nipple being retracted, 
the so-called ^"withering” form. Again, a part of the breast 
alone may be affected, fibrous bands radiating through it and 
causing distortion of the organ. Conversely, it may be super- 
ficial at first, in patches or plaqties, the skin appearing as 
though tanned, hard, rough and red. This may extend to the 
adjoining cutaneous tissues of the chest, the so-called ^^en 
cuirasse’^ cancer. The malignant growth may appear in the 
form of small, hard nodules of irregular size which miiy remain 
as tliey arc if left alone, or ulcerate, and which promptly recur 
if removed. IJlceration may also occur when the growth is dif- 
fused, the ulcer resembling a crater with hard, everted edges, 
which bleeds easily and gives off a thin, offensive discharge. 
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The axillary glands are involved early, tmd as they enlarge may 
cause oedema of the arm -or neuralgia by pressing upon the ves- 
sels and nerves. 1'he entire lymphatic system is exposed to 
contamination; hence tlie visceral metastases often witnessed. 
After the tumor has reached a certain size, stinging, burning 
or neuralgic pains are tornplained of. As the ulcerative pro- 
cess advances, the toxaunia and cachexia do likewise, until the 
patient dies exhausted. Kncephaloid cancer is not as fre- 
quently observed as the scirrhous form. It grows insidiously in 
the depth of the organ and finally reaches the skin, lly gentle 
palpation, the tumor may be detected early in most instances; 
it may be fixed or movable, or nodular. At first, the skin is 
free, or traversed by prominent bluish veins, some of which may 
become varicose; ivd areas then appear — the precursors of 
adhesions with the cancerous mass. This soon becomes a fluctu- 
ating mass which ulcerates, becomes fungous, bleeds readily 
when touched, and gives off a foul odor. Cachexia appears 
earlier than in scirrhous cancer, and the burning, shooting pains 
and involvement of the lymphatics likewise. The softness of 
the growth predisposes it to luemorrhages which are sonu'times 
severe. Death occurs, as in scirrhous, from exhaustion. 

Internal Cancers. — Tongue , — The anterior portion of 
this organ is the usual seat of cancer, which begins, as a rule, 
in a small fissure, ulcer or nodule on the side or edge, often 
where a sharp tooth, the stem of a pipe, a badly-fitting tooth- 
plate, etc., has for a time caused irritation. Psoriasis, scars, 
leucoma, cicatrices due to injury or syphilis, may likewise be- 
come the starting-point of a lingual epithelioma. When any 
one of these lesions becomes malignant, it soon assumes the 
aspect of a more or less deep and irregular ulcer with prominent 
edges, while the neighboring tissues, including often the floor 
of the mouth and gums, become infiltrated. Both the ulcera- 
tion and infiltration may then extend posteriorly and involve 
the pillars of the fauces, the soft palate, the tonsils, etc. There 
is profuse salivation and the breath becomes extremely ftetid. 
The neighboring lymphatic glands become involved sooner or 
later, the prompt involvement denoting an unfavorable case. 
Gradually, deglutition and speech become difficult and starva- 
tion soon causes marked emaciation and weakness — a condition 
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greatly aggravated when the ulceration invades ^lieries and^ 
causes haemorrhages. After a year ox two of intense suSeriu^^ 
death occurs from exhaustion. 

Larynx. — Hoarseness, dyspnoea and cough and pain are 
early signs of cancer of the larynx. The pain is usually quite 
severe and lancinating, generally radiates toward {he ear, and is 
sometimes especially marked during deglutition. Ulceraition 
has usually begun when such is the case. Laryngoscopic exam- 
ination often shows, at first, enlargement of one cord, then con- 
gestion of a restricted area which finally ulcerates. This be- 
comes fungous and necrotic, and secretes a foetid, sanious liquid 
which gives the breath and the sputa a foul odor. Ulceration of 
a large artery injiy cause profuse htTmorrhage, sufficient in 
some instances to compromise the patient’s life; asphyxia by 
the entrance of food paiiiclos in the diseased larynx, and pneu- 
monia from aspiration of detritus from the malignant mass, arc 
additional dangers of cancer in this region. The general health 
is soon undermined owing to deficient nutrition, and the patient 
lapses into the cachectic state, dying of general marasmus. 

(Esophagus. — Dysphagia, pain, jand finally regurgitation of 
food and fluids are the characteristic symptoms of cancer in this 
region. As the morbid process advances the neighboring organs, 
the larynx, bronchi, pericardium, mediastinum, lymphatic 
glands, etc., may be involved either by ulceration or pressure, 
causing sutfocation, bronchitis, inhalation pneumonia or other 
complications. Ulceration of the aorta or one of its branches 
may also occur and cause fatal luemorrhage. As a rule, however, 
starvation, owing to the (esophageal obstruction, and exhaustion 
are the causes of death. 

Stomach . — Pain in the epigastrium is present in practically 
all cases; but it is often preceded by a period of dyspepsia, 
sometimes attended with vomiting. In others the gastric dis- 
orders may be slight or absent, the main signs being those of 
pernicious anaemia, with intense pallor. Progressive emaciation 
is a constant feature of the disease, and is accompanied by more 
or less asthenia. When the (cancer is situated near the cardia, 
spasm of the oesophagus and dysphagia may occur. Fever i|,' 
present in about one-half of the cases, and may reach 104® P. 
(40® C.) ; in some cases the febrile process is continuous. 
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Glycosuria and indicanuria are commonly observed, peptonuria, 
vsometimes. Death results occasionally from diabetic coma. 
(Edema of the ankles appears in the majority of cases and, in 
some instances, general anasarca supervenes. Ilajmatcmcsis is 
observed in about one-fourth of the eases, the material vomited 
being always brown or black, the ‘V'olfee-ground” vomit. The 
tumor, when it has attained a certain size, can often be dis- 
cerned both by inspection and palpation ; the mass rises and 
descends during respiration — a sign especially marked in (jaiicer 
of the pylorus. 

Pancreafi. — l^hc earlier symptoms an; gasiro-intestiiial, i.c., 
indigestion and dull paroxysmal pain in the epigastrium, nau- 
sea, vomiting or diarrlima, flatulence, the stools being greasy 
and clay-colored. Marked jaundice, due to obstruction of the 
bile-duct when the head of the paiujreas is involved, ascites 
and diabetes are sometimes observed. In some cases a tumor 
may be felt in the pancreatic region, wliich differs from that of 
cancer of the gall-bladder, in that it is fixed. A distinct pulsa- 
tion may be felt in the organ when the emaciation is snllicicritly 
marked, owing to the fact that the growth lies directly u|)on the 
descending aorta. Prominent features of cancer of the ])an- 
creas are a rapid loss of strength and emaciation, soon followed 
by cachexia. 

Liver . — Progressive enlargement of the organ, discernible 
on palpation, when snfliciently advanced, with pain and tender- 
ness are the most common symptoms, especially if the growth is 
not far from the surface. Gastric disorders are frequently com- 
plained of. In about one-half of the cases, jaundice and ascites 
occur, accompanied in some instances by purpura, though the 
latter may appear in all cases, causing death frequently within 
three months. 

Gall-bladder . — Cancer of this organ is almost always due 
to irritation by gall-stones. A firm, hard, irregular mass can 
often be detected at the site of the organ, which moves with 
the liver during deep respiration. There is more or less local 
tenderness on pressure, and severe paroxysmal — though some- 
times continuous— pain. When the *bile-ducts arc involved, 
marked and persistent jaundice appears. The stools may be 
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bloody and dropsy may occur, ilic latter being a feature of the 
cachetic stage. 

Intestine . — The symptoms vary according to the position 
of the growth. Irregular attacks of acute colicky pains from 
two to five hours after a meal, according to the location of the 
tumor, nausea, vomiting, chronic constipation, with diarrhoea 
and meteorism, arc almost always present, jaundice being super- 
added if the ducts of the gall-bladder are involved. When the 
intestinal obstruction is marked, the stools may assume a char- 
acteristic shape, i.e,, very small masses or lumps. The tumor 
may sometimes be detected by palpation through the abdominal 
walls, especially when the patient’s muscles are relaxed by 
great weakness and when he has become greatly emaciated. 

Peritoneum , — An uncomfortable sensation, with perhaps 
pain, in the abdomen followed by ascites, emaciation, and weak- 
ness are about all the symptoms observed at first. Di/fcrcntial 
diagnosis alone affords some clue to the nature of the disease: 
the age of the patient excludes tuberculosis of the peritoneum, 
which occurs in young subjects; the absence of fremitus dis- 
tinguishes it from cchinococcic cysts, another disorder which it 
greatly resembles. The neighboring organs, including the 
uterus, ovaries and rectum, slioidd be examined in view of the • 
fact that cancer of the peritoneum is often secondary. I’he 
inguinal glands are often enlarged. The tumor is discerned 
with difficulty owing to the ascites, but it can usually be felt after 
paracentesis. The vessels of the malignant mass sometimes 
rupture, causing severe haemorrhage and aggravating the 
cachexia. 

Uterus . — If the growth begins wliile the woman is still 
menstruating, intermenstrual spotting and a serous discharge are 
likely to appear. The presence of such signs after menopause 
is also significant. The slight discharges gradually become 
more frequent and abundant, and finally emit an unpleasant 
odor, the fmtor becoming very marked when necrotic tissue is 
present. Pain does not occur until the morbid proc(?SB is well 
advanced, and is due to involvement of the neighboring tissues 
and their nerves; at first it is apt to radiate into the iliac 
region and hip, but involvement of the bladder, rectum and 
peritoneum gives rise to the characteristic pains that attend 
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inflammation of these organs. Examination of the uterus 
should be practiced as soon as possible, to confirm the suspicions 
awakened by the general phenomena. Intense anaemia, general 
weakness, and the symptoms of the cachectic period finally ap- 
pear, though death is often due to uraemia. 

Rectum . — Uneasiness in the sacral region and along the 
inner side of the thighs, which after prolonged exertion may 
become actual pain radiating towards the rectum, are usually 
the earliest symptoms complained of. Morning diarrhoea, the 
discharge being watery, differing as to odor from the usual 
liquids voided, and often tinged with blood, is then observed, 
though this be interrupted by periods of constipation. When 
the stools are formed, they may be ribbon-like when the growth 
is low down. Local pain, which occurs late and is severe, espe- 
cially during defecation, if the growth is near the anus, eventu- 
ally becomes continuous. Hamiorrhages may then appear and 
become more frequent when ulceration occurs, thus aggravat- 
ing what general debility may be present. The lymphatic glands 
of the region, pelvic and lumbar, are often enlarged and the liyer 
also in some instances. The body gradually wastes and finally 
lapses into the characteristic cachetic state. 

Pathogenesis and Pathology. — Advanced age is the pre- 
dominating predisposing cause of cancer, but since the disease 
does not occur in all aged individuals, an additional predisposing 
factor is necessary. Mliis factor jnay be said to include all mor- 
bid influences, inherited or acquired, which tend further to de- 
bilitate the organism. Although cancer is witnessed among the 
poor and ill-fed, and its development may follow exhausting toil, 
great anxiety, prolonged illness and other debilitating condi- 
tions, it occurs at least as frequently among subjects who have 
not been cxf)Oscd to similar untoward infiuences, Le.., the well- 
to-do and well-fed, and even the over-fed. In all these, how- 
ever, inherited vulnerability to disease, which means inadequate 
activity of the auto-protective mechanism — the adrenal system 
— ^may none the less be present, and when advanced age is 
reached, the organism isunusually vulnerable to disease among the 
rich and poor alike.* In the over-fed, the wear and tear imposed 
upon the digestive apparatus, the excessive stimulation of the 
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organs which supply the digestive ferments, and the overload- 
ing of the lymph and blood with more or less perfectly catabo- 
lized waste-products, gradually undermine all physiological 
functions, thus affording the accessory factor which with senility 
predisposes any part of the body, any organ, to the development 
of cancer.* 

Bashfiord,'® alluding to results reached in the Imperial Cancer 
Research Fund ]al)oratories, states that “the association of cancer with 
old age is the only factor known to l>e constantly associated and inti- 
mately bound up with the processes responsible for the development of 
cancer in man and animals.” He also calls attention to the fact that 
“cancer has the further remarkable common feature that in animals it 
has the same higher incidence in old age, and therefore the same relation 
to the duration of life as in man.” Freund,” after a comprehensive 
study of the etiology of cancer, concludes that senilism is the primary 
etiological factor, but moreover, that it <?ould be premature and even 
localized ns well as generalized. This accounts for the occurrence of 
cancer at times in youngc»r subjects — a fact which the British Research 
rommission has also elucidated recently, its ]alK>rs having shown, ac- 
cording to Sir William Church,**^ that cancer in the young occurs for the 
most part “in tissues and organs which lose their functional activity in 
early life, and normally undergo degeneration and more or less absorp- 
tion.” 

The presence of an additional predisposing cause is shown by 
the relationship of cancer with tuberculosis — first pointed out by 
Kraiiss, in 1832. Thus, Roger Williams^* states that “no hereditary 
condition is more favorable to the development of cancer than that whicli 
predisposes to and accompanies tubercle.” Moak^* reported five cases 
in which carcinoma and tuberculosis were present in the same organ. 
H. R. Jones” found that in England and Wales, a high percentage of 
nhthisical persons had a cancerous family history, and the age period at 
which the mortality of tuberculosis reached its z(*nith, 35 to 45 years, co- 
incided with the period at which the cancer death-rate began to increase. 
In Ireland” a collective investigation by the registrar-general showed 
that in many cases cancer occurs in the same family; grandparents, 
parents and other relatives, and that the family likewise shows a pre- 
dis])osition to tuberculosis. Closely related to this feature of the 
jiroblem is the observation of Roger Williams,” that in multicellular 
animals and plants, tumors rarely occur when these organisms live in a 
state of Nature, and that they are met with almost exclusively among 
domesticated varieties, especially those that have been kept long in con- 
finement. 

In a careful analytical study of the twelfth United States census, 
(Iiithric McC^onnell” found, mor(»over, that those employed in hard out- 
door work showed a higher cancer mortality than thos(* of sedentary 
habits, while Freund” witnessed a number of examples in which a 
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chronic, though mild, gastric disorder became n rapidly fatal cancer 
after excessive worry or overwork. Finally, Jonathan Hutchinson*® refers 
to twelve cases of cancer which had developed in subjects who had been 
long under the influence of arsenic, and ascribes the tendency of chim- 
ney-sweeps to the large proportion of arsenic in certain coals. We have 
seen that arsenic is the physiological antagonist of thyroid extract, and 
that it depresses the functional activity of the adrenal system and, 
therefore, that of all vital processes. Robert Bell*^ writes: *^That the 
thyroid has an important relationship to the incidence of cancer is 
borne out by the fact that in cancer subjects it is invariably found 
to be more or less atrophied, hence it is necessary to supplement the 
modifled dietetic measures recommended by the administration of either 
thyroid gland substance or its active principles. By these means we have 
reason to hope the gland may recover its lost power and thus be enabled 
to resume its physiological activity, which is quite within the range of 
possibility.’’ 

The predisposing influence of over-eating is emphasized by the im- 
portance attached to the gouty diathesis, long ago, by French clinicians, 
Bazin, Bouchard** and others, and more recently by Felix and Robert 
BelP and Vigouroux.** Rabagliati,*® Roger Williams*® and Chittenden," 
likewise incriminate excess of nutritive material in general. That the 
predisposition to cancer is a result of the excessive ingestion of food is 
shown by the fact that the age incidence of cancer succeeds that of gout. 
Indeed, as stated by Bazin, “the gouty end up especially with cancer, 
particularly by cancer of the rectum and bladder.” It is an expression, 
in these cases, of the chronic phase of gout, which phase, as stated by 
Levison,** is attended by debility of the patient, and may also “appear 
in feeble subjects as the only manifestation of gout.” 

Still, if we arc dealing with general adynamia, why is the cancerous 
growth' localized If 

A cancer develops from a preexisting aggregate of adventi- 
tious cells,* whether the latter constitute a mole, a nievus, a 
wart, a fibroma, etc., or patches of eczema, psoriasis, paraffin 
acne, cicatricial tissue, etc., or an ulcer, fistula or other lesion 
of the skin or mucous membranes, or whether it occur as a result 
of localized and chronic inflammation in the deeper or internal 
organs. As long as the nutrition of any one of these local cell- 
aggregates is adequately controlled by its arterial blood, it 
retains its benign character;* when, however, a debilitated 
condition of the organism, such as that brought about by senility 
or any of the other predisposing conditions just reviewed pre- 
vails, it develops a malignant growth. The morbid process 
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which entails this result is as follows: the vascular centers, 
vasomotor and sympathetic, along with the rest of the organism, 
become functionally depressed; as this causes -relaxation of all 
arteries, including the cutaneous arterioles, the adventitious 
cell-aggregate receives an excess of blood (a process encour- 
aged by the reflex influence of the sensory terminals it con- 
tains and Avhich multiply with the tumor), and if the passive 
hyperapmia or congestion is sufficiently marked, it begins to 
grow, if already a defined tumor, or it assumes the characters 
of a tumor if merely a patch of abnormal cells.* In the case 
of moles, na?vi, warts and other superficial conditions, trau- 
matisms, i.a., scratching, friction of clothing, blows, etc., arc 
sufficient to initiate such a process in the same class of subjects, 
by greatly aggravating a local hypcraemia which might not 
otherwise have become sufficiently active to provoke develop- 
ment into a maligJiant tumor.* 

The importance attached by many clinicians in recent years, as 
shown by the papers of Kve,-” Wilson and Kalteycr,®* Hloodgood,*^ Keen"* 
and others, to tlie removal of warts, moles, pigmented ntevi and kindred 
cutaneous excrescences lest they become malignant, harmonizes with 
these conclusions. Indeed, Kve found that out of 33 cases of melano- 
sarcoma, 78 per cent, began in pigmented moles, while Wilson and 
Kalteyer found that out of 51 cases of cancer collected by them, 69 
per cent, had their origin in a mole or mevus. Moreover, the well-known 
corresponding effects of prolonged irritiition of limited areas by broken 
teeth, the pipe, scars, pars din acne, lingual psoriasis, etc., suiliciently 
emphasize the pathogenic influence of localized processes. Bergmann,” 
in fact, asserts that carcinoma of the extremities does not occur without 
some cutaneous lesion, scar, fistula, ulcer, eczema, wart or mole as a 
precursor. Suggestive in this connection is the observation of Leo rx)eb,“ 
that in cattle the most frequent place for the occurrence of carcinoma is 
the inner can thus of the eye — a region greatly exposed to irrittition and 
injury by twigs, strawtips and the like, while such animals are feeding. 
In an extensive study of cancer in the domestic animals. Sticker®* 
found that in the horse the nose was commonly diseased, an organ con- 
siderably exposed to scratches and other traumatisms in the manger. 

This applies likewise, in a certain sense, to cancer of the stomach, in- 
testines, rectum, kidneys, bladder, gall-bladder and uterus. All these or- 
gans are exposed to the chemical and physical action of any abnormal con- 
stituent present in the substances passed through them — products of im- 
perfect digestion in the alimentary canal, toxic wastes in the hepatic and 
urinary systems and in the uterine discharges, etc. Maniscalco,*® by re- 
peated chemical and mechanical irritation of the exposed gastric mucosa 

• Author's conclusion. 

2® Eve: Practitioner, Feb., 190.1. 

2® Wilson and Kalteyer: Amcr. Jour. Med. Sci., Nov., 1903. 

nioodgood: “Progressive Medicine." p. 204, Dec., 1903. 

“Keen: Jour. Amer. Med. Assoc., July 9, 1904. 

*®Dergmann: Bcrl. kiln. Woch.. Bd. xlll, S. 932, 1905. 

Leo Loeb: Medicine, Apr., 1900. 

»•» Sticker: Arch. f. kiln. Chlr., Bd. Ixv, S. 1023, 1902. 

Maniscalco: Riforma mcdlca, vol. xxl, p. 340, 1905. 



CANCBR. 


1401 


of dogs, caused growths which presented all the features of cancer. Bazin 
observed, as stated, that cancer of the bladder and rectum foUotved gout; 
the prolonged excretion of poisonous waste- products obviously stands 
here as local irritant. This affords also an example of the manner in 
which chemical substances in the blood, secretions and excretions, can 
predispose a restricted territory of tissue-cells to cancer, by provoking 
therein the proliferation of new cells, atypical in the semse that, as 
inflammatory products, they are adventitious, and therefore, like warts, 
moles, and the like, menacing excre::;cences. 

The functional relationship between the abnormal cell -aggregates 
and the nervous systtun is readily demonstrable even in such apparently 
functionless structures as a mole, a nicvus, and the like, so ])rone, as 
stated above, to become malignant. Wilfred S. Fox,” in an exhaustive 
paper, remarks that “this connection between moles and the cutaneous 
nerve-supply is not surprising when one considers the intimate develop- 
mental relation between the skin and the nervous system.” Foldau“ 
traced nerve-fibers in these structures, while Bcrgmaim*® states that mul- 
tiple pigmented naivi also contain nerve tiu'minals. That they persist 
in cancerous neoplasms is shown by the fact that H. H. Young, using 
Ehrlich’s methylene-blue method in ten freshly removed carcinomata 
and sarcomata, found distinct axis-cylinders sometimes in considerable 
numbers, in no less than five growths, t.c., cancers of the breast, cervix 
and tibia. 

As to the rrde of the vasomotor nerves — which govern nutrition — 
G. Lenthal Cheatle^^ pointed out that n proportion of cases of cancer 
showed a “marked relationship between the spread of the primary focus 
and the distribution of nerves and trophic areas” anil adduced a large 
numlier of cases, convincingly illustrating the close relationship between 
the initial lesion of cancer (frequently a mole) and points at which 
nerves become cutaneous, including the maximum pain points of Head.** 
Although most of the cases related arc not — in the light of my views — 
truly cancerous (being instances of rodent ul(*er due to deficient nutri- 
tion of the (‘utaneous elements, and not of growths due to of’crniitrition 
of these elements) the fact remains that they clearly sustain Cheatlc’s 
opinion that trophic nerves are concerned in the morbid process. 

The iniluence of senility, the uric acid diathesis and other predis- 
posing conditions have already been reviewed. That this should entail 
depression of the vascular nerve-centers, and, therefore, general vasodila- 
tion and passive congestion of any moles or other excrescences present, 
is self-evident. The effects of injury on these small growths are now 
thoroughly recognized. Thus W. W. Keen** writes that “all such growths 
are exposed to traumatism, such as blows, friction of the clothing, 
scratching on account of the itching, or in many cases on account of 
the presence of a little scab — and who can and does resist the tempta- 
tion to scratch off these scabs?” .... “In consequence of such injury 
or repeated and long-continued irritation— or in other eases without 
any assignable cause — they begin to increase in size. This sudden ac- 
tivity and increase in size usually does not occur for months or more 
likely years; it may be thirty or fifty years, or even more, after the 
mole or wart was first noticed. The moment they begin to increase in 
size, they are, I believe, almost invariably malignant growths.” 

All this (apart from the traumatisms, which probably «ict as ex- 
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citing ciiuHCs of cancer of the breast and l)ones) is as applicable to the 
pathogenesis of internal cancers, the passive vasomotor hypersemia being 
sufheient here to start the process of growth in a restricted area, the 
uterine os, for instance, which has become the scat of a local^ predis- 
posing disorder, a chronic catarrhal process, cicatricial tissue incident 
upon parturition, etc., any (H)ndition, in fact, involving localized cell 
proliferation. 

At first, tile process of growth is localized, in the sense 
that the body at large does not participate in it. When, how- 
ever, the tumor has reached a certain size, its presence becomes 
a menace. Its structure differing from that of normal tissues in 
that the channels for the elimination of broken-down cells, 
waste-products, etc., are either absent or very imperfect, it 
becomes, in respect to the body at large, a source of auto-intoxi- 
cation. This evokes a general febrile reaction similar, in a 
measure, to that provoked by a subcutaneous abscess. The 
adrenal system being stimulated, the blood soon becomes sup- 
plied with an excess of auto-antitoxin, the constituents of which 
permeate the growth as they do all other organs during fever.* ** 

The development of the tumor is thus intimately merged 
with the immunizing process.* There is excessive oxygeniza- 
tion, owing to the overproduction of adrenoxidase and, there- 
fore, of trypsin and nuclco-proteid.* There is also an abun- 
dant leucocytosis, the cells serving not only to supply the fluids 
of the growth, the trypsin and the nucleo-proteid found in it, 
but also to insure active phagocytosis.* 

The general reaction is sufficient in sonic cases to provoke fever— 
which occurs only when the adrenal system is violently stimulated. 
FreteP^ observed a rise of temperature in the absence of any complica- 
tion, especially in cancers of rapid evolution. Freud weiler," at the insti- 
gation of Kiidihorst, studied the clinical histories of 475 cases of car- 
cinoma, and found that the temperature exceeded 38® C. (100® F.) in 
no less than 117, although all cases in which some complication existed 
were excluded. Even the central phenomena of a febrile process are 
present. l)c Buck and Van der Linden^® found the tendon reflex invari- 
ably cxjiggerated, while Klippel^ noted a marked hyperexcitability of the 
muscles, contraction being produced very readily by percussion. 

The three constituents of the “functional triad” which constitute 
the active agencies of the febrile process, t.c., the auto-antitoxin, have 
been found in the growths themselves, thus nroving that they take part 
in this process. 

The presence of adrenoxidase in these growths is shown by the 
eharacteristic tests. Tims, Hugounenq and Paviot,®® in soft malignant 

• Author* 8 conclusion. 

**Fretel: Thftse de Paris, 1899. 

“ Freudweller: Dent. Arch. f. kiln. Med., Bd. Ixlv, S. 544, 1899. 

Do Buck and Van der Linden: Presse m6d., vol. x, p. 10, 1903. 

A^Kllppel; Arch. s^n. do m^d., vol. clxxzlll, p. 33. 1899. 

** Hugounenq and Pavlot: Lyon medical, vol. Ixxxli, p. 1, 1896. 



CANCER. 


1403 


tumors, not only obtained the typical j^aiac reaction, but also the intense 
violet of the paraphcnyleiic-dianiinc test. Moreover, boiling of the can- 
cer fragment destroyed this specilic property, whicli was not marked 
where the process of growth was most active. They characterize as 
“oxidizing diasttisc” the “soluble ferment” to which they ascribe these 
results, and compare the latter to those of Bertrand and llourquelot, 
referred to in the thirteenth chapter of this work. The presence of 
trypsin in cancerous ^owths is no less evident. Stewart^” found a high 
percentage of trypsin in secondary growth of the liver and lung in a case 
of pancreatic cancer. This suggests direct metastasis, but we have seen 
that trypsin is present in all cells, as shown by the researches of Hedin, 
Cohnheiin, Opie and others. Blumenthal,''*® moreover, found a correspond- 
ing enzyme in cancer cells, not sjiecific to cancer cells alone, but capable 
of attacking all tissues. The third constituent, the nuclco-proleid, is 
likewise present in all tissues, as already shown. That huicocytcs 
(which secrete this substance in the form of granules) arc present in 
large numbers, is well known. Thus, Herbert Snow'** pointed out twelve 
years ago that every variety of malignant growth exhibits from its 
earliest initiation, an extremely copious immigration of leucocytes, which 
steadily increases. Bushnell'*'* Jouiid that this sometimes reached as high 
as 32,580. Snow noted, however, that this leucooytosis was restricted 
to the normal tissues immediately bordering the cfancerous parenchyma. 
'J'his has been confirmed by many observers, and recently by Farmer, 
Moore and Walker.”® Even the sp<»cific (oxypliile) granules themselves 
have been found in the tumors by Ehrlich, Ldwit and Przewoski,” 
although these investigators were not aware of their functions. The 
granules took acid aniline dyes readily, did not become black under 
osmic acid, etc., the characteristic tests. 'J'hey were of course observed 
in extra corpus s[)ecimens, and therefore under abnormal conditions. 
During life, however, they dissolve in the blood, and, with tlu? adrenoxi- 
dase and trypsin, form the “digestive triad” or auto-antitoxin, distributed 
ihroughout the growth itself. 

nie tumor is suppli(Ml vvilli tlic clcuiicnts for its dovedop- 
ment, i.e., tlie nucloo-proteids out of which its tissues are nour- 
ished hy the leucocytes.* These cells, as previously shown, 
ingest food-products and enterokinase — which contains trypsin 
— in the intestinal canal and convert them into granulations 
which they carry to the lymphatic spaces and deal out to the 
tissue-cells.* The chromatin of the latter, which undergoes 
atypical mitosis and other transformations, was also shown to 
be derived from the leucocytic granulations.* 

Bashford,”" referring to various hypoiheseH upon the mode of origin 
and nature of cancer, states that “they fail to show how the actual cell 
multiplication is maintained.” In truth, it is upon this point that they 
have all collapsed. 


* Author*s conclusion. 

“Cited by Morris: Review of Reviews, Dec. 25. 1902. 
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Frencii invcHtigatora long iigo observed tliat the leucocytes exerted 
a fructifying influence upon cancer cells, causing them to multiply.” 
The manner in which they do so, however, has never been explained. 
The direct participation of the leucocytes outlined in the text aflfords 
this explanation. Indeed, as 1 have pointed out, these cells arc the 
actual builders of living tissue. This implies that tlie mitotic figures 
observed in cancerous masses, and now regarded ns reproductive cells, 
are really nothing but those common to ordinary cells, including leuco- 
cytes. Basliford wrote recently “During the past year a paper has 
been comnuinicateii to tlje Royal Society, showing that the nuclear liguri;s 
in cancer cells, bclii»ved to indicate the occurrence of a true ‘reducing 
division,’ are in reality of tlie ordinary type?. Dr. Murray and mystdf 
have invariably denied that the presence of (;ell-divisions resembling 
tiiose of reproductive tissue were a means of distinguishing benign from 
malignant new growths.” 

This accounts for anotluu' paradoxical fact einpliasizcd by the Royal 
Cancer Research Fund investigators, namely, that, as stated by Bash- 
ford,” “the iniluence of age is active in relation to the origin of cancerous 
growth, and not in relation to its continvalion; for cancer can be propa- 
gated almost better in young than in old. animals.” As I have stated, 
age sbinds merely as a predisposing factor, while the general vasodila- 
tion which it engenders and the febrile process, by iloocling the tumor 
with nutritional elements, are the causes underlyiiig its growth. As 
young animals arc better able to promote a vigorous febrile reaction 
than old ones, the process of growth is all the more active. 

Again, “malignancy,” if these processes actually prevail, should 
merely mean excessive tissue-growth. The labors of the Royal Cancer 
Research investigators also sustain this conclusion. Basliford” remarks 
in this connection: “What is understood by the malignancy of a tumor 
is but a manifestation of the power of growtli: a conclusion to which 
Ehrlich and Apolant have re(?ently given confirmation.” The Cancer 
Research Commission also confirmed .Jensen’s conclusion that the growth 
of artificially propagated cancer was due to the continued proliferation 
of the parenchyma cells — a logical outcome, I may add, with the leuco- 
cytes as the normal purveyors of nutriment to the normal parenchyma. 

There are, of course, .several varieties of carcinoriia: (1) 
epiihelioma, eorislsting of surface epitlu?lium, which includes 
two kinds: the squamous of the skin and uuieous ineinbrane of 
the lips, (esophagus, and cervix uteri, etc.; and the cylindrical 
or coluninar of the gastric, intestinal and uterine nuu^ous ni(?m- 
branes; (2) the granniar, (consisting of acini or alvccoli in layers 
— and which may IxHconie fibroiLs, the scirrhous form — and grow- 
ing mainly in the pylorus, mammary gland, pancreas, kidneys, 
ovaries and testicles; (.3) colloid or gelatinous, consisting of 
transparemt, jelly-like masses, containing degenerated tissues 
and epithelial cells, and met with in the ovariccs, stomach, intes- 
tine, peritoneum, and mammary gland; and (4) deciduoma 

“Warren: "Surgical Pathology and Therap.,*' vol. 11, p. 643, 1895. 

‘'^Bashford: Brit. Med. .Tour., July 26. 1006. 

“nashford: JbiiL, Dec. 9, 1905. 

“Bashford: JbUl. 
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malignum of the placenta, consisting of fcetal epithelial cells 
(syncytium) and of dilfercnt cells of the chorion villi. 

Several varieties of sarcoma arc also described: (1) 
spindh-cdled snrcomw, which occurs in the connective tissue of 
bones, hmdoiis, fascite, and occasionally in the. soft tissues; (2) 
round-celled sarcoma^ often permeated with large blood-vessels, 
and more malignant than the former, is itself divided into two 
varieties: lymjdiosarcoma, which occurs in the lymphatic glands 
and the lymphadenoid tissues of Jiiucous membranes, and 
sarcoma, which contains also spiinlle-cells, acini filled with large, 
round cells and fibrous tissue, and is notable because it com- 
monly develops from cutaneous moles, luevi and warts, and from 
lyjuphatic glands and serous membranes; (3) angiosarcoma (a 
very malignant growth), which starts in the external coat or 
advemtitia of blood-vessels, is usually very vascular — thus ex- 
posing them to rupture and provoking luemorrhage — likewise 
grows, as a rule, on the skin and particularly from pigmented 
warts and moles, and also in the eye and the pia-mater; (4) 
gianl-celled sarcoma, a relatively benign growth, which usually 
occurs in bone or bone-marrow (hence often called osteo- or 
myclo-sarcoma), the large multinuclear cells of which resemble 
the myelo-pla(|ues of bone. 

^rhe difference between all these varieties depends upon the 
histological composition of the structures which form the tumor. 
At first, all the tissues composing the affected area are involved 
in the hypertrophic process; eventually, howev(;r, the epithe- 
lium in carcinoma or the connective tissue in sarcoma grows 
with greater rapidity than all the other local structures and 
soon constitutes the bulk of the tumor. The development of sar- 
coma coincides, however, with the rnaxirnurn energy developed, 
i.e,, with the most active local accumulation of nutrient leuco- 
cytes and of the energizing agents, adrenoxidase and nuclein, 
which this phenomenon entails.* 

All the various varieties of cancer enumerated are ascrib- 
able to the same cause: a primary focus of proliferation-cells 
due to local (active or passive) irritation, which eventually pro- 
vokes marked local congestion and excessive nutrition.* Im- 
portant in this connection, however, is the fact that this local 


*Author’a conclusion. 
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hyperajinia and accumulation of all the constituents of the blood 
which usually provoke inflammation do not initiate the latter 
in cancerous growths.* •* The local congestion, Icucocytosis, etc., 
are associated witli a process distinct from that of inflammation 
though linked with it, uc., the process of tissue repair.* Were 
it otherwise, the tumor would not grow; it would be destroyed, 
and as will be shown, it is by provoking active inflammation in 
the growth itself that cancer can be mastered.* 

Many investigators, including Israel,®® now ascribe to relative over- 
activity, the proliferation of epithelial cells over all others, with per- 
sistent excitation as a primary cause. Kven in the giant-celled sar- 
coma, though situated in osseous tissues, this exciting cause prevails. 
Ziegler maintains, writes Stengel,®^ referring to this variety of growth, 
“that the presence of giant-cells docs not form sin essentisil charsicteristic 
of a peculiar type of tumor, hut that it is siccidentsil, resulting from 
continued irritation” The result of this irritation also msinifests itself 
by overnutrition in sarcoma. Thus, H. W. (.’attell"-’ states that “it is at 
times impossible from microscopical study alone to tell a sarcoma from 
granulating tissue” 

It is now generally conceded that at first all the elements of the 
tissue involved are more or less urged to grow as shown by Schuchardt.®® 
In the early stage of cutam?oua epithelioma, he observed that “not 
merely the epithelium, hut all the tissues of the skin, the connective 
tissue as well, show hypertrophic changes,” tliough “later, the over- 
growth of epithelial cells outruns and overshadows that of the other 
tissues.” 

That sarcoma, in which the connective tissue predominates, is but 
an advanced stage of the carcinomatous stage, was recently observed by 
Apolant and Khrlich,®^ in the course of inoculation experiments in mice. 
The carcinomatous type was traced up to the sixth generation. Hy the 
tenth a change had occurred: the tumor was a mixed one, a sarcomatous 
stroma predominating. Hy the fourtemith, no carcinomatous tissue re- 
mained. Tliey refer to a similar transition in man, observed by Schmorl, 
a case of epithelioma of the thyroid. After removal, the tumor, which 
recurred locally, was a mixed carcinoma and sarcoma. A second removal 
being followed by death from metastasis, all the growths examined 
were found to be pure spindle-celled sarcomata. Ilanscmann'® has en- 
countercMl carcinomata with sarcomatous stroma, and refers to twenty 
cases in literature. Apolant and Ehrlich did not always obtain such 
prompt transitions, however. In some instances the mixed growth was 
only reached in the sixty-eighth generation; th«*n followed a violent 
reaction, during which the tumor became a pure sarcoma. So great 
was this “energy of growth” that in the course of a few weeks, in some 
instances, the tiimor was larger than the mouse itself. They state that 
at the present time no explanation is available for this phenomenon, 
though they suggest that the development may be due “to chemical 
changes in the carcinoma cells and gradual stimulation of the connec- 

• Aufhor^s ronrlHsion. 
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tive tissue cells.” What better and more solidly grounded explanation 
can there be vouchsafed than one of which all the elements of growth 
are actually present in the tumor, as we have seen, and which alone can 
account for the violent “energy of growth” to which they refer? We 
are thus broughf to consider overnutrition as the underlying cause of all 
types of malignant growths. 

All malignant tumors being the outcome of a localized 
overdevelopment of cells initiated by irritation of the area in- 
volved, any agent capable of provoking the appropriate type 
of irritation can cause a cancer. As various i)arasites, including 
bacteria, have, in the hands of the upholders of the parasitic 
theory, provoked the formation, local and remote, of cancerous 
growths, there may be classes among these appropriate irritants.* 
Moreover, as the growths developed through inoculations and 
implantations present the morphological organization of sporadic 
cancers, those provoked by tlie upholders of parasitic theories are 
true cancers.* It cannot be said, however, that cancer is a para- 
sitic disease, since all malignant growths can be caused by vari- 
ous factors, intrinsic and extrinsic, which irritate the tissues, 
irrespective of any parasite.* 

The multiplicity of these factors also accounts for the epi- 
demics of cancer, its repeated occurrence in certain houses or 
districts, and for the cases of direct contamination on record, 
since the presence of any of the appropriate irritants in these 
houses or districts or on the contaminating surface, w'hether 
this be normal or the seat of malignant growth (both frag- 
ments and fluids therefrom being effective inoculative agents), 
is snflicient to start a malignant j^rocess in predisposed tissues.* 
A tissue being predisposed to malignancy when it is the seat of 
adventitious cells in an aged or debilitated subject, an ulcerated 
surface, however small, on the lips, tongue, (esophagus, uterus, 
ct(i., may become a vulnerable spot if it happems to become inocu- 
lated when any one of the cancerogenic factors happens to be- 
come implanted therein.* 

Merged in with the tissues of the tumor and imprisoned among 
them are cells whieh have been taken by many investigators as the 
specific cause of cancer. Cornil,™* Fabre Domergiu* and others have 
shown that the many cellular and nuclear elements present could readily 
be taken for parasites. The nuclei, whieh are rich in chromatin, soon 
become fimbriated, knobbed, sometimes (rdematous, and finally achro- 
matic, assuming at the same time most varied shapes and appearances. 


• Author* tt ronrluttlon. 
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Councilman'" also found that parasites to which specific properties had 
been attributed, W'ere present in many morbid processes other than 
cancer. In accord with this observation, Borrel"^ pointed out that the 
sporozoa associated witli tissue- proliferation in sheep-rot, variola, bovine 
pest and other diseases, c'orresiKinded with the detiTtus of worn-out 
leucocytes. Borrniann™ recently showed, moreover, that none of the 
so-called parasites are found in very small, young cancers, thus elimin- 
ating them as a cause. Transplantation experiments arc as conclusive. 
Jensen,*^" for instance, made transplantations in 844 mice and obtained 
successful results in about 00 per cent. Although cell inclusions were 
undoubtedly present an<i the tumors grew until the mice died of cach- 
exia, he never observed parasites, and experimental inoculation invari- 
ably gave negative results. This has been confirmed, according to Bash- 
ford,” in the Royal Research laboratories, w'herc at least 50,000 trans- 
plantation experiments were performed. Referring to researerhes con- 
ducted under the same auspices, Sir William Church” states that “large? 
numbers of healthy mice have been kept for long periods in the same 
cages with mice sulfering from both sporadic and inoculated tumors,” 
and that “in no single instance did the malignant growth occur in an 
inoculated mouse.” As emphasized by Leo Ijoeb,” though he had carried 
on highly successful experimental inoculations, inociilability does not 
mean infectivity. On the whole, as stated by Senn” at the recent Lisbon 
Congress, in reference to the specificity of microbes and other parasites 
in cancer; “Searching criticisms from dilTerent reliable sources have 
disarmed all such claims.” 

Nevertheless, the fact remains that many investigators, beginning 
with Morau, in 1885, i-.c., Sanfelice,” Roswell Park,” Gaylord,” Doyen,” 
Sticker,” Viscjher,**® Schmidt,*" and many others, have obtained by inocu- 
lation growths resembling cancers to such a degree that microscopical 
examination was necessary to determine their identity. In the light of 
my views, as defined above, the reports of the opponents of the parasitic 
theory indicate that these growths were true cancers. “By the investi- 
gators tliemselves,” writes Lazarus- Barlow,**- “they have been regarded 
as ‘epithelial,* ‘malignant,* etc., hut by op|M)nent3 of the parasitic theory 
they are confidently asserted to be ‘infective grnnulomata,* that is, inflam- 
matory.** Cornil, Gazin'*" and others also concluded that the tumors 
produced by parasites were of this nature. Even the cancers which 
Jkiyen obtained by inoculations with u supposed specific microbe, wore 
found by Weinberg,**^ of the Pasteur Institute, after a careful examina- 
tion, and also by Cornil, to be an inflammatory “proliferation of tissue.** 
This conclusion indicates the cancerous nature of the growth, since the 
main landmarks upon which it could be based were the intense hyper- 
lemia, the equally marked leucocytosis and the granulation tissue, all of 
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which, however, as previously stated, indicate an entirely difTcrent pro- 
cess, i.e., excessive nutrition through the accumulation of 'bl(MMi and cells. 
Indeed, as stated by Counci lman,‘‘'' the characteristic of cancerous growths 
is that they are capable of attracting to themselves a supply of nourish- 
ment at the expense of the surrounding tissue, and necessarily, I may 
add, of the body at large. This is an attribute of all cancerous growths, 
whether sporadic or due to transplantation or inoculation. 

This does not alter the fact, however, that as Orth**® declared 
recently, “no one up to the present time has produced proof that car- 
cinoma is of parasitic origin.” All that can be said is that certain para- 
sites can be included among the many factors of divers kinds that aro 
capable of irritating the cellular elements which act as foci for the 
development of malignant growths. This accounts for an important 
corroborative fact adduced by the supporters of the parasitic doctrine, 
viz., that it clings to districts, buildings, or groups of buildings, that 
it may occur epidemically, as observed by llvoslef” (all the cases being 
in ugc?d subjects) and others, and that it has, thougli rarely, been com- 
municated. With various exogenous ami endogenous agents as patho- 
genic elements, quarters inhabited by cancerous subjects may readily 
become intermediary. This applies as well to din?ct contamination 
through contact witii a malignant growth, since, as shown later, vestiges 
of such growths, or even their juices after filtration, can start a 
malignant process in an ulcerated mucous membrane. As this implicates 
the tongue, lips, a'sophagus, uterus, etc., while an area (»f ulceration 
may be extremely small and still constitute a vulnerable spot, it is 
probable that more cancers are thus communicated than is now realized, 
irrespective of any specific parasite as cause. 

Cancer cells, when placed in appropriate surroundings, 
retain their vitality several days, and when transplanted, con- 
tinue to divide and multiply, preserving the cliaracters of the 
original tumor. This accounts for the fact that malignant 
tumors can develop in regions remote from the original growths. 
Ilic predilection of the lymphatic glands to metastasis, however, 
is due to the relative viability of these cc’ls in lymph as com- 
pared to blood:* While the blood is destructive to cancer-cells, 
especially when its temperature {i.r., its proteolytic activity*) 
is above normal, the lymph into Avhich the cells pass on leav- 
ing the cancerous mass is not. This is mainly because (1) its 
tem])erature is lower than that of the blood, (2) itsvprotcolytic 
activity is relatively slight and (8) its circulation is extremely 
slow (4 mm. per second). The cancer-cells being comparatively 
immune in lymph, they readily reach the lymph-glands which 
occur in the path of the lymph-streams and tributaries emanat- 
ing from the main tumor.* As all tissues are permeated by 
lymphatic vessels, these afford ready channels for cancer-cells 

* Author's conclusion. 
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to every part of the body, a fact which accounts for the fre- 
quent occurrence of metastatic growths in regions remote from 
the original cancerous mass, and in all kinds of tissues. This is 
facilitated, moreover, by the fact that the cancerous fluids can 
also provoke the transformation of an aggregate of benign 
adventitious cells, the edges of an ulcer, etc., into a malignant 
growth and likewise cause the development of the latter when 
injected into the tissues. 

Not every accessory growth should be regarded as meta- 
static, however, since cancers of a similar kind and even of dif- 
ferent kinds have been known to develop in the same subject 
simultaneously. 

Baaliford*® states that when cancer is successfully inoculated from 
one animal to another, “a few parenchyma cells retain their vitality and 
continue to divide an(l multiply, giving rise to large tumors at the site 
of inoculation;” the new stroma formed “assumes the distinctive 
features of the original stroma,” the new tumor, therefore, being “ex- 
actly like the original one.” Indeed, as emphasized by Albrecht,*® meta- 
static growths in human cancer cases may even functionate, as do the 
organs from which they are derived. 

The viability of detached tissues accounts for the resumption of 
their functions. Thus, Ijunggren"® found that when carefully sterilized, 
bits of huinan skin could be preserved in sterile human ascitic fluids for 
months, and that the cutanc'ous cells retained their vitality. Trans- 
planted pieces w’hich had been in this fluid one month, subsequently 
showed marked proliferation of epithelial cells and many nuclear figures. 
The transplanted cells also penetrated into the granulation tissue be- 
neath, as in beginning carcinoma. Jensen®* observed a similar resistance 
in cancer cells, some living twelve days, isolated, at the room tempera- 
ture. In the blood, however, matters were different: he found that at 
the temperature of tlie body they perished in twenty-four hours, and tliat 
at temperature above the normal they rapidly lost their vitality. Meta- 
stasis, therefore, can occur only under certain conditions, for it is only 
trhen or where the temperature is normal or below normal, that de- 
tached cancer cells can safely run the gauntlet of the blood’s destructive 
action and reach a spot where they may, as it were, take root and grow. 
Indeed, as stated by Bashford,®® the transmission of cancer differs from 
all known processes of infection: ‘'the tissues of the new hosts do not 
acquire any cancerous properties; they merely react to the presence 
of cancer cells and supply them with nourishment.” As explained in 
the text, a field where detached cancer cells are not endangered is un- 
fortunately available as soon as they leave the tumor, viz., the lym- 
phatic vessels themselves, the normal channels for all detritus, and 
which serve also for their general distribution, as stated below. 

Even apart from the direct development of a tumor by transplanta- 
tion thus provoked, a lesion anywhere, and characterized by an agglom- 
eration of adventitious cells, may become the starting point of malig- 
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nant growth when these eancerous vestiges are available. Thus Hem- 
meter'" obtained gastric carcinoma in dogs alTected with experimental 
peptie ulcer, by inoculating the animals with particles of canine adeno* 
carcinoma. More striking, however, is the fact that he obtained similar 
results by injecting a sterile and cell-free filtrate of a similar growth. 
As Mayet*^ also obtained a splenic sarcoma by injections of a filtrate of 
a uterine myoma — a frequent precursor of cancer — it is evident that a 
fluid derived from the cancerous mass, and not necessarily cancer tis- 
sue, can start the malignant process. The case with which the poi^n 
may be distributed being thus greatly increased, almost any preexist- 
ing lesion in any part of the body is exposed to contamination, and may 
thus become the scat of cancer as was the case in Hemmctcr’s animals. 

The cancerous cachexia is due to haemolysis, the result, in 
turn, of the excessive proteolytic activity of the blood.* Both the 
red corpuscles and the haemoglobin arc actively destroyed, this 
morbid process beginning soon after the cancer begins to grow. 
The presence in the blood of an excess of adrenoxidase — and 
therefore of auto-antitoxin, to which this morbid ])roccs8 is due 
— provokes likewise an exaggerated vasotonus by stimulating 
unduly and directly the muscular coat of all arteries.* As a 
result of the vasoconstriction thus produced, tlic blood-scrum 
is forced into the capillary system and lymphatics, causing vari- 
ous manifestations of oedema, ansisarca, hydrothorax, puffiness, 
etc.* After death the caliber of the vessels is found considerably 
reduced, owing to the prolonged constriction to which they are 
subjected during life.* This also predisposes the patient to con- 
gestive disorders; hence the pulmonary congestion, the neuritis, 
phlebitis and kindred disorders often met with.* The excess 
of adrenoxidase is likewise shown by the tendency to thrombosis 
observed in these cases, adrenoxidase being, as we have seen, the 
blood^s fibrin-ferment.* 

The prolonged strain imposed upon the adrenal system 
finally causes it to become functionally weakened.* This con- 
dition is aggravated when the tumor is the seat of ulceration, 
by auto-intoxication, owing to the accumulation in the blood 
of detritus and bacteria from the putrifying mass. Death occurs, 
unless a fatal intercurrent disease appear, from asthenia, the 
typical mode of death when the adrenal center becomes para- 
lyzed.* 

The eancerous cachexia is now attributed to the direct action of 
poisons derived from the cancer upon the tissues, causing their degenera- 
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tion. That this is due to haemolysis, however, is shown in various ways. 
As far back as 184;i, Aiidral and Simon found the red corpuscles greatly 
reduced even during the early stages of the disease, a fact confirmed by 
liayem and others. Roger VVilliains,''*'* who refers to these authors, also 
states that “the red blood-corpuscles show signs of progressive deterior- 
ation and destruction. A marked diminution of the haemoglobin was 
also shown to exist by Qiiinquaud, a fact eoulirmed by Chudowsky®* after 
examining the blood of 51 cases, Donat i®^ and others. Roger VVilliams 
says, moreover, that “a thousand grains of normal blood contain al>out 
125 grams of tliis substance, whereas in cancer cases the amount often 
docs not exceed 25 grams.” He compares tlie condition to tliat which 
prevails in pernicious aiueinia, which, as we will see, is due to laemoly- 
sis. Finally, KullinaniV"* for.nd recently that freshly-drawn blood of 
cancerous subjects containeil a hieinolytic substance, and that it actpiired 
especial activity when the cellular elements were present. That the only 
hicmolytic substance is auto-antitoxin, we have seen. 

(Xher phenoriauia wliich are now misinterpreted are the serous 
elTusiona, tlie anasarca, etc. That they are due to general vasoconstric- 
tion is sliowii by the fact referred to by Rog(*r Williams, that in cases 
that have run their natural course, “smallness of the heart, aorta and 
arterial trunks” is “observed post-mortem,” and that as shown experi- 
mentally by Louis (1840), the “total quantity” of altered blood is 
“notably diminished.” Considerable of their serum having passed into 
the subcutaneous tissues, the chest, etc., ledematous elFusions occur. The 
cause of the excessive vasoconstriction becomes apparent also, when tho^ 
direct action of the unusual quantity of the auto-antitoxin on muscular 
coats of the vessels is taken into account, as stated in the text. This 
effect should, however, also be manifest in the other muscles of the 
body. Klippcl®® observed that notwithstanding the wasting there was 
marked reflex hyperexcitability of the muscles. The excess of all three 
constituents of the auto-antitoxin is likewise shown by the paradoxical 
phenomenon recently observed by Sticker,""' that when cancer had been 
successfully transplanted in clogs, these animals were immune to further 
inoculation. Indeed, the Cancer Research Commission also found 
recently, according to Rashford,"’^ that “an injection of healthy blood may 
protect mice against the subse<picnt inoculation of Jensen’s tumor being 
successful.” The reason for this becomes self-evident in view of the 
identity of the body’s auto-protective agency, the auto-antitoxin that the 
blood contains. 

That the adrenal should finally yield, umler these conditions, is 
obvious. Nepveu'"'- found what lymphatics were jiresent filled with 
detritus of various kinds, and epithelium. The morbid effects of the 
detritus arc generally recognized. Eifer’®* compares the putrifying t^o- 
cess to that which occurs in plants having parasitic excrescences. The 
roots of some of these, through various bacteria, including the bacillus 
amylobacter, become centers of infection wliich, owing to the cacodyle, 
give out a repulsive odor. Tn human cancer, tlie corresponding ulcera* 
tion is due to pyogenic and other bacteria. Thus, Wlaeff,"’^ found 
among others, the proteus septicus hoininis and the bacillus eoli com- 
munis. That these organisms enter the blood-stream was shown by 

•» Roger Williams: Edinburgh Med. Jour., June, 1897. 

** Chudowsky: La m^d. niodernc, vol. vi, p. ir>], 1895. 

•^Donati: Glorn. della r. Accad. dl Med. d. Torino, June, 1901. 

^^Kullmann: Zeit. f. kiln. Med., Dd. 1111, S. 293, 1904. 

••Klippel: Log. cit. 

Sticker: Zelt. f. Krebsforschung, Bd. 1. S. 413, 1904. 

Dashford: Brit. Mod. Jour., July 28, 1906. 

^®>Nepveu: Marselllc-mi^dical, Jan. 16, 1893. 

Elfer: Le correspondunt medical, Aug., 1895. 

)04 wlagff: Jour, de m^d. do Paris, vol. xvl, pp. 255, 262, 1904. 
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Maragliaiio.^** ITe examined the blood of 33 caiiceroiia patieiiU, and 
although the strictest antiseptic precautions were tiiken in each instance, 
he found staphylococci of various kinds in 1) instances. These were all 
cases in which ulceration had occurred, while no bacteria were found in 
the blood when such ulceration was absent. The general course of this 
additional morbid process is precisely that depicted by Roger Williams. 
“When ulceration seta in and the wound gets invaded by microbes,*' 
writes this observer, “the ordinary symptoms of septic infection may be 
added to those of the cancerous caichexia. C'onsidering the putridity that 
chanicterizea these ulcerating cancers, especially when the uterus is tlie 
part affected, septic complications are remarkably rare; but no doubt 
in certiiin CMiaes, they contribute their cpiota to the ensemble of symptoms, 
llajmorrhagcs and suppurations further impoverish the blood and weaken 
the patient. At length, if not cut off by some intereurrent complication, 
death results from asthenia.*" 

Treatment. — Removal of the iumor and of all contaminated 
glands or metastatic growths is followed by prompt recovery, 
even tlie cacliectic phenomena disappearing in practically all 
cases. This procedure, when practicable without endangering 
the patient’s life or producing unusually distressing deformities, 
is still, and rightly, too, the method of choice, until some non- 
surgical measure will have proven itself as reliable. Potent 
reasons urge, however, the need of siudi a measure: besides the 
desirability of avoiding mutilation, the im|)08sibility to operate 
in some cases, the delay which dread of surgical procedures in- 
spires, etc., there is the undeniable fact that removal of the 
growth serves hut to defer its fatal elVects in the vast majority 
of cases, an assertion but too clearly sustained by the ever- 
growing death-rate. The functions of the adrenal system not 
only opens a new field for the study of cancer but it suggests 
more encouraging lines of tentative treatment. 

A cancer, in the light of the foregoing facta, is initiated, 
nourished and caused to grow hy blood constituents which, as 
agents of the organism’s auto-j)rotective mechanism, should, in 
reality, have destroyed it from the start.* Owing to senility 
or other debilitating conditions, however, the defensive process, 
which recpiires an excess of auto-antitoxin, is iiiade(]uate ; and 
mere nutrition, with mitotic proliferation of cells, i.e., growth, 
results, because the blood’s auto-antitoxin happens to be com- 
posed of the identical subst?m(*es which, under normal condi- 
tions, nourish the tissues.* Our aim, therefore, should be to 
raise, if possible, the functional efficiency of the body’s defensive 


* Author* s ronelusion. 
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resources by moans of agents which, by increasing marketlly the 
functions of the adrenal system, augment cori'cspondingly the 
proportion ot auto-antitoxin in the blood and other body-fluids.* 
All the agents studied in the eighteenth and nineteenth chapters, 
and othere not analyzed in the present work, are available to 
attain tliis end.* Thyroid yhind occ*u])ies a prominent place 
among them, tlie most satisfactory lading desiccated tliyroid. 

Tliyroid extract was used in cancer as an adjunct to oophorectomy, 
some years ago, by J^eatson,""’* Stanley Hoyd,"" l)orland,"“ and others; 
but as removal of the ovaries might have accounted for the beneficial 
results noted, these reports can hardly be taken as guide. It was first 
used alone in cancer (and before Beatson) by Robert Bell,*®® with success. 
Recently,**® he stated that several of the recoveries were of over nine 
years’ standing, although they included cases of mammary and uterine 
cancer. Page and Bishop**^ caused the entire disappearance of a carci- 
noma of the breast by the use of the gland alone, beginning with 3 
grains (0.2 giii.) and increasing until 15 grains (1 gm.) were given 
daily. At the time of the report, two and one-half years later, was 
well, and no trace of the cancer could be discovered. Dennis**® also ob- 
tained more benefit from tlu? use of thyroid gland than from any other 
agent, while H. A. Beaver,**^ in a desperate case of carcinoma (also 
recognized as such by Sir Francis Laking) nearing its end and attended 
by groat sufFering, obtained results “little short of marvelous,” He 
states that “convalescence began immediately, so that by the end of 
January [the thyroid extract, 5 grains (0.33 gm.), quickly increased 
to 20 grains (1.33 gins.) daily, having been begun at the end of Novem- 
ber] the patient was up and free from pain.” The following October 
she “was quite w’ell and was following an active life.” K. Hughes 
Jones*** reports a cure of 11 years’ standing in a woman aged 01 years, 
and R. H. Woods*®** the complete disappearance of a laryngeal cancer, 
under 3 grains of thyroid three times daily. He refers to Sir Charles 
Ball as having obtained successful results in 2 cases of inoperable 
cancerous lymphatic glands. 

Tlie prevailing empirioal iiso of thyroid gland fails to 
afford the liost rosnlts* and exposes the patient to complica- 
tions,* for the following reasons: (1) The vigor with which 
large doses enhance oxygenation and catabolism tbrongh the 
adrenal system, not only in the body at large, but in the can- 
cerous mass itself, entails an aeeunndation of waste-products in 
the lymphatics and blood -vesstds beyond the excretory capacity 
of the kidneys. The indiscriminate use of such doses, therefore, 

• Author' a conclmlon. 
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exposes the patient to nepliritis vvliich may prove fatal; (Ji) 
the use of thyroid gland alone, by raising metabolic activity in 
the organism and in the growth, involves the corresponding 
consumption of the blood’s sodium chloride and, though in a less 
degree, its alkaline salts.* If these are not replaced, the pa- 
tient’s vital functions become greatly depressed; and osmosis 
being deficient, he becomes readily vulnerable to intercurrent 
diseases, while the beneficial influence of the extract is thwarted, 
through the fact that the trypsin, the active agent of auto- 
antitoxin, loses its power in the absence of sodium chloride; 
(3) excessive, i.e,, still greater doses, by causing a ciorrespond- 
ingly great quantity of thyroiodase to accumulate in the blood, 
soon influences the depressor nerve, and the functions of the 
patient’s pituitary and thyroid bodies being inhibited, the stimu- 
lating action of the extract on the test-organ and adrenal center 
(through which its beneficial effects arc produced) is prevented.* 

The dose of desiccated thyroid should, therefore, be small 
to begin with: 1 grain (0.005 gm.) three times daily, in a sub- 
ject of average health apart from the presence of the growth, 
this quantity being gradually increased by one grain (0.005 gm.) 
weekly, until 3 grains (0.2 gm.) are taken after each of the 
three meals — provided, however he does not complain of rheu- 
matic pains (which indicate excessive metabolism), and his iirine 
remains approximately normal, albuminuria being only regarded 
as abnormal when marked.* 

To preserve the fluidity of the blood, facilitate the excretion 
of catabolic wastes and protect the kidneys by causing the spe- 
cific gravity of the urine to remain low, a quart of some minemh 
water, such as Ballardvale, Londonderry Tjithia, etc., should be 
drunk in the twenty-four hours.* This applies only, however, 
to patients whose diet is normal, i.e., who ingest through its 
intermediary enough sodium chloride and alkaline salts to sat- 
isfy the needs of the organism.* 

In fully developed cancer, the blood as a whole is deficient 
in sodium chloride. As the proteolytic activity of trypsin re- 
quires a fixed proportion of this salt — especially since it facili- 
tates osmosis and tissue-metabolism — it should, be given as an 
adjuvant to the thyroid extract.* Its use assumes additional 


*Author*a cancluaUm. 
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importance when tlic fever is marked, when tlie patient is on a 
milk diet, or when but little food is taken, since the latter must 
compensate the body for the sodium chloride excreted in the 
urine,* over one-lialf ounce (14 gms.) daily. The indications 
for its use are similar to those in febrile diseases,’^® the quan- 
tity ingested being regulated by the degree of pyrexia. 

In advanced cases, tlic renal functions are usually impaired. 
Sodium chloride under these conditions provokes oedema. It 
is also contraindicated if any form of tedema is already 
present. Plain or mineral water should then be used instead, 
as in the earlier 8tag(?s of the disease.* 

The fad: that excessive doses of thyroid gland tend to aggravate 
the renal disorders to which cancerous subjects are liable is made self- 
evident not only by the well-known fact that it increases markedly the 
urea excretion, but also by several cases reported. The use of consider- 
able pure or mineral water to insure adequate tluidity of the blood and 
to protect the kidneys is of considerable importance. Jn two of my cases 
it sufficed (without thyroid) to cause rctrogi'ession of the growth. Tn 
one of these, a breast cancer in the initial stages, about to be removed 
under the advice of two surgeons, there has been no recurrence, though 
six years liave elapsed. The patient (®t. 74) faithfully continues 
drinking one quart of (still) mineral water daily. This points clearly 
to the importance of osmosis in the curative process. 

The relationship between the functional efficiency of trypsin (the 
active proteolytic agent in auto-antitoxin) and sodium chloride is well- 
known to physiologists. Thus Halliburton"" statics that pancreatic juice 
taken from a temporary flstula, contains 7.115 parts of sodium chloride in 
a thousand. As this is almost exactly the proportion in normal saline 
solution, trypsin, the active ferment in pancreatic juice, must require 
this proportion to exercise its proteolytic action most actively. This 
constitutes, therefore, an imyiortant feature in the treatment of cancer. 

Again, Von den Vcldcn"^ has shown that free hydrochloric acid is 
absent in nearly all cases of gastric ci«nccr. Osier"* states that “of 94 
cases in which the contents w^ere examined, in 84 free 11(^1 was absent.” 
This is not due to the loc^al iliseasc, for Moore, Hoaf and Whitley"" found 
recently that in practically all cases of cancer, and wherm'>er located, 
free hydrochloric acid is either absent from the gastric contents or 
greatly reduced in quantity. Now, as shown by the experiments of 
Voit and Cahn, “the chlorides present in the blood-plasma are the source 
of the acid.”"-" Hammarsten"^ also states that “tliere can be no doubt 
that the hydrochloric acid of the gastric juice originates from the chlor- 
ides of the blood.” It is evident, such being the case, that the blood, as 
a whole, is deficient in sodium chloride. In the light of evidence pre- 
viously addiK^cd, therefore, the osmotic^ properties of the plasma and the 
activity of the adrenoxidase and trypsin arc all impaired in cancer. 

• Author's conclusion. 
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I recommoiKled the ime of miline solution simultaneously with thy- 
roid gland and the x-ray, in the first volume (January, 1903), also 
calling attention to the fact that **the curative pruci^ss requires alkaline 
salts” to insure the full activity of the tryptic intraphagocytic digestion” 
— besides that Oi the cancerous cells carried on by the plasma’s auto- 
lytic constituents. This in a measure accounts for the beneficial results 
obtained with sodium chloride alone by Rost.''“ Freund^“ also found 
that the introduction of an alkaline fluid into arterial cliannels leading to 
the growth proved beneficial. But in view of the facts adduced above, 
it is evident that salt alone cannot prove curative. 

Its contraindication in advanced eases is shown by the fact that 
Glosser and Frisbie'-* found experimentally that while a normal subject 
could ingest large quantities of stidium chloride without evil efFcct, can- 
cer patients showed (edema when the chloride consumption was increased 
— a fact which they ascribe to the impairment of renal (^veretion. In- 
deed, oedema may occur in its various forms, as we have seen, when the 
cachectic period is reached — an indication that the kidneys arc the seat 
of inflammatory lesions caus(»d by the excessive functional activity im- 
posed upon them and the local effects of toxic waste's. 

X-ray and radium cause a rise of tmnpcatiire and hyper- 
jemia in the growtli, thus causing the proteolytic activity of the 
auto-antitoxin its trypsin) in its blood.* The penetra- 

tion of tlie x-rays is greater than that of radium; hence the 
great edicacy of the foriner. The fre(|uent failures observed, 
however, are due to the paucity of auto-antitoxin in tlie blood.* 
Thyroid gland should be used simultaneously, therefore, in the 
manner indicated above.* Caiapharrsis may likewise be advan- 
tageously employed in conjuiuftion with thyroid gland and tlie 
use of fluids. 

Thai the x-ray method alone may be cfl’ective both in sarcoma and 
epithelioma, has been shown by Morton, All(*n, Jhisey, Pfahler, Leonard, 
Skinner, Beck and others. Even here, breaking down of the tissues by 
the trypsin in the cancer is evidently the curative process. As noted by 
most clinicians, congestion is a prominent feature of the effect pro- 
duced, the local temperature, as observed by Carl B(*(;k,'-® being somcj- 
what higher. As stated by Skinner,^ moreover, “the effecit of the x-ray 
light is due to a stimulation of the reparative functions of the tissues 
dependent on an innammatory reaction,” but how is this carric^d out? 
“Its destructive influence,” continues Skinner, “is always exhibited on 
tissues which are low in vitality.” The need of a destructive agent in 
the process asserts itself, however, and trypsin, we liave H(M*n, is pres- 
ent in large quantities in cancerous growths. 

I advisi'd the concomitant use of x-ray and thyroid gland over 
sevtm years ago.'” Since then. Am >]ndc%'^'* having used it in several 
instances, obtained beneficial results in two cases which, under x-rays 
alone, had failed, lie mentions three cases which were proving rebel- 

* Author’s conclusion. 
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lious to x-ray treatment and were given thyroid by R. T. Morris, in 
addition to the rays. “All three responded promptly,'* two being cured 
and the third improved. Another case of Morris’s, an extensive recur- 
rent carcinoma of the breast, also ended in cure under the combined 
treatment. Am Knde'** recently reported seven cases in which recurrent 
growths were markedly reduced, some disappearing completely, by means 
of the combined use of a fluid extract of sheep’s thyroid and radium or 
x-rays. In one instance, a case of adeno-curcinoma of the sigmoid 
flexure and rectum, diagnosed by laparotomy, and abandoned as lethal, 
normal health was restored. 

In one case radium was used with thyroid by Am Ende, the result 
being “considerable constitutional betterment,” besides the improvement 
of local symptoms. The action of radium is similar to that of x-rays, but 
as emphasized by Perthes'** and Exner,'®' its influence does not extend 
much beyond 2 or 3 centimeters from the surface. The influence of 
this on its therapeutic value is well shown by the following summary, 
by Catharine Macfarlane,'“ of the results obtained by various clinicians: 
“13 rodent ulcers cured; 14 epidermoid cancers cured; 1 malignant 
wart cured; 11 cases of cancer of the ccsophagus slightly improved; 
1^ sarcoma cured; 27 carcinomas unaiTected; 1 malignant wart unaf- 
fected; 1 malignant mole unalFcctcd; 1 rodent ulcer unaffected.” 
Diminutive growths may bo destroyed, therefore; thus, in 19 raice- 
cancers ranging from a pea to a bean in size, Apolant“* obtained com- 
plete retrogression in 11, and reduction to mere traces in the rest. 
Morton, Lassar'” and others have re])ortcd cures in human subjects, 
but, on the whole, radium is not as effective as the x-rays. Plimmer,'” 
for example, tried radium in 17 eases, with but slight, if any, beneficial 
effect. In nearly every instance, hoMever, the growth is said to have 
“blistered” or “rc»ddencd” — evidence to the effect that it provokes local 
liypenemia — a well-known fact. When radium acta directly on ferments 
it soon destroys them, but Neuberg'** has shown that when of two frag- 
ments of the same cancer, one is exposed to the action of radium and 
the other is not, the first will undergo disintegration twice as fast as the 
second. The wealth of these growths in trypsin, and the heat-energy 
supplied by the radium, account for this effect, as in the case of 
the x-ray. Indeed, here, there being no circulation of blood, the heat 
evoked by tlie radium alone becomes the energizing agent of the ferment. 
The use of cataphoresis, ns practiced by Retton Massey, suggests itself as 
probably more effective than cither the x-rays or radium, since it pro- 
motes disintegration of the growth, as does thyroid extract. 

Thyroid gland is always indicated when the x-ray or 
radium is used, to prevent metastasis.* The proportion of 
auto-antitoxin in the blood and the tumor itself being increased, 
the cellular fragments and the soluble poisons liberated during 
the disintegration of the malignant tissues arc themselves more 
perfectly broken down, thus reducing the chances of metastasis 
in proportion.* 
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Allen, Coley^” and other observers have found that metastasis 
occurred more frequently under the x-ray treatment than without it. 
This is readily explained by the fact that as the mass is being broken 
down, fragments and toxic juices (capable, we have seen, of causing 
metastasis in proximate? or remote tissues) are freed into the lymph 
spaces in unusual quantities. The proportion of auto-antitoxin in the 
blood being in no way increased by the local treatment, the process of 
implantation or intrinsic inoculation is not antagonized. By powerfully 
stimulating the adrenal center, thyroid gland greatly increases not 
only the prot(H)lytic activity of the blood and the proportion of phago- 
cytes, but also that of the cancerous mass itself. The detached frag- 
ments, cells, and soluble poisons are thus, from the start, cither reduced 
to the condition of benign wastes, or their activity as living cells or as 
bio-chemical elements is greatly uiininishcd. 

Epinephrin, supracapmUn or any other reliable active prin- 
ciple, in 1 : 1000 solution, painted or swabbed over the surface of 
the growth relieves pain, arrests haemorrhage and even tends, by 
causing constriction of the vessels, to cause partial retrogression 
of the growth. Injection of 10 minims of the same solution 
into the tumors enhances further the latter effect; but the injec- 
tions should be given under strict asepsis, and after carefully 
sterilizing the surface with a solution of the hydrogen peroxide. 

The local elTects of adrenalin in this connection was observed by 
C. Ficsinger,‘“ who attributed them to its effect on vessels of the neo- 
plasm. In cancer of the rectum, he found that painting twice daily with 
aO to 100 drops of a 1 : 1000 solution of adrenalin in a tablespoonful of 
>vater decreased the rectitis, checked the discharge and brought about a 
temporary diminution of the growth. Mahu’^® had previously obtained 
prompt results by simply painting the growth with the 1: 1000 solution. 
The neoplasm partially retrogresse*! ; then remained stationary and free 
from pain or hajinorrhage, the patient being in apparently perfect health. 
In four other cases tlie results were also satisfactory. Bcrdier and 
Falabert^*" tried injections in advanced cases and found that th«*y caused 
diminution of the tumor and of the adjoining glands, al)olishing pain 
and increasing the patient’s weight. The inj<*etions were made into the 
tumor or, wdien this was inaccessible, into the arm or over the organ 
involved. J. E. llhodes’^^ rcfKjrtod a case of inoperable nasopharyngeal 
sarcoma in wdiich the injection of adrenalin into the growth together 
with local sw'abbing and spraying caused marked reduction in size and 
alleviated the pain, though the patient’s life was not prolonged. J. 
Price-Brow'n^^® also found that adrenalin checked the circulation in sar- 
coma and lessened bleeding. 

Adrenal gland, the glandulce suprarenales siccce of the U. S. 
P., is of advantage in these cases to prevent anamiia by supplying 
the blood with the oxidizing constituent of the haemoglobin. 

• A uthor'8 conclusion, 
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Three grains three times daily with iron, preferably Blaud’s pill, 
1 grain, prolong life by retarding the cancerous cachexia. 

The usefulness of adrenal gland in this connection was illustrated 
by one of my cases of advanced uterine cancer in which life was con- 
siderably prolonged, improvement of the patient’s condition having 
become manifest soon after the use of the gland had been begun. It 
seemed also to prevent severe pain, doubtless by causing constriction of 
the arterioles, thus reducing the local hyperajmia and swelling. The 
patient died, in fact, without ivnowiiig that she had suffered from cancer. 

The simultaneous use of radium, thyroid gland and adrenal 
gland, the two latter in tlie above-mentioned doses, improves the 
likelihood of recovery beyond those offered by radium alone. 

Tlie creation of the Radium Institute in Paris has rendered pos- 
sible a closer study of the technique, and, as a result, the curative value 
of radium has shown itself to be greater than had l)een generally sup- 
posed. Wickham,^*® a clinician of the first order, has observed remark- 
able results in a variety of cases, including epithelioma not only of the 
surface, but of such organa as the breast. By means of appropriate 
inetiil shields he regulates the activity of the radium and employs the 
beta and fjamma rays only for deep-seated growths. On the other hand, 
my own experience with opotherapy has amply demonstrated their help- 
ful infiiience in malignant growths. 

Various organic extracts, including testicular juice, lymph’ 
gland juice, an extract of ratals testicles, and thymus extract 
have been tried. Xone of these substances, liowever, are endowed 
with the specific properties of thyroid extract. Even adrenalin 
is useless given internally, since it is oxidized before it reaches 
the tumor at all. iodine and the iodides have been extolled by 
various observers. The fact that thyroidase is an organic com- 
pound of iodine points to tlie iodides, especially sodium iodide, 
as a substitute when thyroid gland is not well borne.* 

Mikliailoff considers potassium iodide a specific in cancer. In a 
preliminary communication’” he announced that he had obtained favor- 
able results witli this treatment. He recently reported a case of cancer 
of the (esophagus treated by potassium iodide with marked success. 
Many other remedies have been tried, but their enumeration would be 
out of place in this work. 

Although the various ^^caneer sera” or "^antitoxins** are 
composed of the constituents of auto-antitoxin, the quantity 
introduced is inadequate to produce more than fleeting efFccts. 
A continuous exogenous supply is necessary to replace the auto- 
antitoxin formed under the influence of adrenal stimulants.* 

More efficacious are the various toxins, especially Coley* s 
mixed toxins of erysipelas and bacillus prodigiosus. They also 
produce disintegration of the growth by stimulating the adrenal 

• Author's conclusion. 

Brit. Jour, of Dermatology. July, 1909. 

Mikhailoff: Roussky Vratch, Dec., 1906. 



CANCER. 


1421 


center, and through it, therefore, the formation of auto-anti- 
toxin.* Toxins are only efficacious in sarcoma, however, because 
this variety of cancer occurs usually in subjects who are young, 
and whose adrenal system is more vigorous; and because the 
greater vascular supply of the growths themselves renders them 
more vulnerable to the disintegrating action of the auto-anti- 
toxin.* For carcinoma, however, the action of toxins on the 
adrenal center is inadequate and less efficacious than that of 
thyroid extract.* Their value is sufficient, liowever, to warrant 
their use in sarcoma, especially with x-rays, which distinctly 
enhance their effects. (Sec also p. 757, vol. i.) 

Tho treatment by auto-antitoxin was introduml by Riebet and 
HCric'ourt, of Paris, in 1805, who obtaiined encouraging results in can- 
cer patients, by injecting blood from animals previously injected with an 
extract of cancer tissue. Jensen, in 1901, cured cancerous mice by in- 
jections of bloo<l from rabbits previously injected, a result also obtained 
by Clowes and Baeslack’^^* and others. Leyden and Blumenthal’*® re- 
ported positive results both in <lotrs and man by means of serum derived 
from ^)ats treated months with injections of carcinoma. Gaylord, 
Clowes and Baeslack'*"’ then showed that the serum of mice treated 
with immunizing serum was capabh of causing the disappearance of 
small tumors and checking the growth of the larger ones. A number 
of sera have been introduced by as many investigators, all giving results 
similar to those recited above. Tuffief*''^ found that any one of them 
injected in turn into a cancer patient causes retrogression of the lesions 
to a certain ext(*nt and improvement of the clinical picture, but these 
beneficial effects become gradually less. At times, no beneficial effect 
is obtained, as in cases reported by D’Arcy Fower.^*"- Analysis of these 
cases in the light of my views, however, shows that the curative process 
had started, and identifies the nature of the procjcss; thus he com- 
plains that it caused an inflammation in the growths. The disease pro- 
gressed to a fjital issue while the injections were being given. 

The treatment by toxins, which, like thyroid, causes adrenal stimu- 
lation, may l)e illustrated by the treatment of inopi'rable sarcoma by 
mixed toxins of erysipelas and bacillus prodigiosus as practiced by 
W. B. Coley, of New York, since 1892, the use of the first-named toxin 
having been suggested by the inadvertent cure of a severe case of very 
malignant sarcoma, which had recurred four times, by two attacks of 
erysipelas. In a recent paper to which the reader is referred,'®® Coley 
gives statistics of a large niimlwr of cases treated by himself and by 
other surgeons, showing a large proportion of recoveries (the patients 
being from 3 to 13 years old). That the curative process is due to 
great increase of auto-antitoxin in the bhK>d, is shown by the fact that 
results are linked with the temperature ratio. “The dose should bo 
gradually increased,** writes Coley, “until a chill occurs (one-half to 
two hours after injection), followed by a temperature of 101® to 103® 

• Auihor*8 conclusion. 

Clowes and Baeslack; Med. News, Nov. 18, lOO.**, 

Leyden and Dlumenthal: Deut. med. Worh., .Tune It, 1903. 
iBo Gaylord, Clowes and Baeslack: Med. News. Jan. 14, 1906. 

“VTuffler: Presse mOdlcal, vol. xli, p. 27, 1905. 

D*Arcy Power: Brit. Med. Jour., Peb. 6, 1904. 



1422 INTERNAL SECRETIONS IN PATHOGENESIS AND TREATMENT. 


or 104** F.” (some eases iiieiitioiied reaching 105^), **tlie destructive 
process in the growth being niaiiifested in most cases by ^'breaking 
down” — precisely the effect produced by thyroid extract and trypsin. 
Schmittle^*^ observed that the temperature kept high after the injection 
of toxins unless brought down by an antipyretic. The use of toxins 
is not devoid of risk, however. Marmaduke Siiield'^""' observed a case 
which, though there was 'Tuidoubted and apparent disappearance of the 
growth,” a fact which he ascribes “purely to inllammatory action,” ended 
in death, the autopsy showing the signs of “^ncral pyaemia.” 

In sarcoma the x-ray method is of but little value. Coley gave it a 
careful trial in ()8 cases, and obtained very unsatisfactory results, and 
prompt recurrence. When, liowever, the toxins were injected in addi- 
tion to the x-ray treatment, the effect, was very marked, recovery oc- 
curring in two out of six instances. This indicates that it is through the 
blood that the curative inliuence is exerted — as it is when the thyroid 
is used. 

local application on the nlccrsitcd surface of a 1 per 
1000 solution of adrenatin relievos pain and controls Inrnior- 
rliage. The latter effect is also encouraged by thyroid extract, 
since by stimulating the adrenal center it increases the propor- 
tion of fibrin ferment (adrenoxidase) in the blood, and facili- 
tates coagulation.* To asepticize the ulceration and control the 
foetor, formalin in a 2-per-cent, solution is (piite effective when 
the dressing is changed every six hours. 

Fiessinger’*® found that 30 to 100 drops of a 1 to 1000 solution 
of adrenalin injected with a tablcspoonful of water, gave a marked re- 
lief in rectal cancier. MahiP” used it in the mannor imiieatful above in 
seven cases, including mammary and rectal cancers. The growths par- 
tially retrogressed and remained stationary without causing discomfort. 
Berdier and de Fnlabert^“ obtained similar effects by injecting the solu- 
tion into the growth or in tlie adjacent tissues. Powcir"" found formalin 
capable not only of causing the effects mentioned in the text, but also 
that it tended to promote destruction of the malignant mass. Beneficial 
effects have also been reported by other observers. 

It is important io realize that all these measures have — as 
with many others tried — proven curative in a very small propor- 
tion of cases. 

Prophylaxis. — Tn tlie light of the foregoing facts, the 
prevention of cancer would reduce itself to measures cal- 
culated to increase the efficiency of the adrenal system.* The 
^^cancer facies,” t.e., a peculiar pallor sometimes observed in 
subjects who subsequently develop cancer (as w^ell as in many 
who do not), assumes importance if there is a clearly defined 

• Anthor*s conclusion. 
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hereditary predisposition — a fact which means that congenital 
hypoactivity of the adrenal system may favor the liability* and 
if the patient is past middle life. The presence of a mole, 
mevi, papillomata, scars, warts, lingual sores or fissures from 
the presence of a pipe stem or sharp teeth, chronic uterine dis- 
orders, fibromata, chronic ulcers, patches of eczema, etc., may, 
.as we have seen, render a given area liable to the development 
of cancer. Such lesions, even in a person who shows no lierc- 
ditary predisposition, when combined with pallor, sallowness, or 
any condition of tlie skin which points to deficiency of blood 
in its capillaries, are prone to malignancy if irritated.* 

In most cases, the cause of the pallor, etc., is due to low 
vascular tonus, the great vessels of the splanchnic area being 
engorged, while the peripheral vessels are ischaunic, due, in 
turn, to hypoactivity of the adrenal system.* Here, strychnine 
is of exceeding value, because it activates both the vasomotor 
and adrenal centers, in doses of V^o gi’ain (0.0016 grn.) in- 
creased to Vao grain (0.0021 gm.) taken after meals. The 
hydrochlorate of quinine, 2 grains (0.13 gm.), when taken dur- 
ing a meal, does not cause gastric disorders and is likewise 
effective. If adynamia be present, thyroid gland in small 
doses, 1 grain (0.06 gm.), may either be given alone or with 
quinine or Marian i coca wine* A course of the iodides, be- 
ginning with 5 grains (0.03 gm.) three times daily in a large 
glassful of water, increasing the dose gradually to 10 grains 
(0.06 gm.), is also useful, especially if given with the strych- 
nine.* 

All these remedies, and others studied in the department 
on Pharmacodynamics, raise the blood-pressure more or less, 
and a greater volume of blood enriched with auto-antitoxin 
and phagocytes being caused to circulate in the cutaneous and 
other capillaries, the normal defensive resources are raised to 
their normal level.* This means that adventitious cellular 
elements in exposed 'areas arc promptly catabolized by the 
auto-antitoxin, that the detritus is promptly removed by phago- 
cytes, and that the local process of repair is carried on normally.* 

In the case of internal cancers, apart from regions that are 
directly examinable, the larynx, the uterine os, etc., the dan- 


* Aut?ior*8 conclusion. 
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ger signals are scant and opportunities for prophylaijtic meas- 
ures are few. That gall-stones predispose to primary carcinoma 
of the gall-bladder is well known; htemorrhages from the stom- 
ach, rectum or vagina, in prematurely aged persona, are also 
familiar precursors of local cancers, especially if associated 
with emaciation. They may be looked upon, therefore, with 
sufficient mistrust to warrant prophylactic measures. In these 
cases, either of the agents previously recommended may be used. 
Thyroid gland, 2 grains (0.13 gm.), and Squibb^s extract of 
ergot, 1 grain (0.0G5 gm.), each in a capsule, taken jointly during 
meals, are also ver.y effective. The thyroid gland causes a prompt 
increase of fibrin ferment (adrenoxidase) and prevents the 
haemorrhage, while the ergot, by inducing a rise of blood- 
pressure, causes the exposed area to receive an excess of blood 
rich in auto-antitoxin.* 

The deeper and greater organs, when predisposed to can- 
cer, afford no reliable preliminary clue. Emaciation occurs 
when a growth is too small to give evidence of its presemee, but 
we are no longer dealing with prophylaxis here, and the meas- 
ures to be carried out are those indicated for a developed can- 
cer, those indicated under Treatment. 

OuUof-door exercise is of paramount value in the preven- 
tive treatment of cancer, to increase the vigor of the circula- 
tion in the peripheral vessels and enhance general metabolic 
activity. Laziness, physical and mental, predisposes to cancer, 
by promoting circulatory torpor and recession of the blood from 
the periphery.* '^I'he use of alcoholic drinks, whiskey, brandy, 
etc., is also pernicious, since the Jilcohol becomes oxidized at 
the expense of the blood, thus impairing its antitoxic activity.* 
Coffee and tea, on the other hand, are beneficial, being vasomotor 
stimulants.* The free use of pure water is in itself a protective 
measure, since it preserves the blood^s normal fluidity.* 

Such cases require watching. Tn one of mine, now under observa- 
tion since October, 1901, a frail woman in whom the symptoms of mam- 
mary cancer were sufficiently developed to warrant operation (advised 
by two surgeons), the tumor was caused to recede by thyroid extract. 
Tf she allows her health to run down, however, ominous signs appear, 
and she must resume treatment. Arsenic is harmful in her case, a fact 
accounted for by the depressing influence of this agent on the adrenal 
system. Indeed it counteracts directly the effects of thyroid extract. 
An exception to the use of thyroid — or, in fact, of any drug — has asserted 
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itself in one of my cases, i.e,, one of hepatic cancer. While benefited 
by the copious use of mineral water ( Ballurdvale, one quart daily) 
through the fact doubtless that the fluidity of the bUxHl and of the bile 
facilitated the elimination of detritus, any drug, even in small doses, 
would at once aggravate his condition. Drugs, taken against my advice, 
promptly caused death. My diagnosis of hepatic cancer proved true; 
post mortem. 

Oil the whole, the prophylaxis of cancer — which includes 
the prevention of rccuiTence after removal of the growth — 
entails as fundamental principle the preservation of the organ- 
ism’s nonnal defensive activity through the adrenal mechanism.* 

This intimate relationship with Tmmuiiity, and which, as previously 
stated, [ was first to point out and explain, in 1903, has since been 
sustained by considerable experimental evidence. Oaylord, Clowes, and 
Baeslack'”° found an immune body in the blood of mice which had 
recovered spontaneously from experimental adeno-carcinoma, while 
Clowes'"^ afforded evidence to the efft^et that “mice which have recovered 
from cancer possess an active immunity against further inoculation.” 
Khrlich““ found (1) that a rat or mouse in which inoculation had caused 
cancer, a second inoculation failed to do so; and (2) that when tumor 
material too weak to cause a growth was injected into animals, the 
majority of them became subsequently, i.e., in from one to two weeks, 
immune to inoculation. To explain his first observation, Khrlich sttites 
that the specific nutrient materials were used by the first growth — ^a 
pure supposition. From my viewpoint, the reaction of the adrenal system 
to destroy the tumor and its detritus, loaded the blood with anti- 
bodies, i.e., auto-antitoxin, and the material of the second inoculation 
was promptly destroyed. Khrlich explains his second and most valu- 
able observation by his side-chain theory. I have shown, however, that 
the latter is not tenable as far as the tissue-cells being the original 
source of the antibodies is concerned, and that he has failed to establish 
the identity of these antibodies because he has neglected the ductless 
glands. Such obscurity does not prevail with the adrenal system ns 
the basis of reasoning: Ehrlich produced immunity against cancer be- 
cause the injected material increased iK)werfully the functional activity 
of the adrenal system, and thus caused an accumulation of uuto-anti- 
toxin of sufficient magnitude. In from one to two weeks, to protect the 
animal against the further inoculation — precisely as he had in his 
first experiment. 

• Author's conclusion. 
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CHAPTEK XXIV. 


THE INTERNAL SECRETIONS IN THEIR RELATIONS 
TO PATHOCENESIS AND THERA- 
PEUTICS {Continued). 

CONVULSIVE DISEASES DUE TO HYPOACTIVITY OF THE 
ADRENAL SYSTEM. 

A suggestive fact bearing directly upon the disorders 
studied in this chapter, viz., tetany, tetanus, epilepsy, puerperal 
eclampsia, and rabies, is that many investigators have been led 
to conclude by experiments in which each organ was studied 
individually, tliat the adrenals, the pituitary body and the thy- 
roid apparatus not only influence metabolism, but that they arc 
also concerned with the destruction of toxic waste-products. 
Thus, in 1891, Abelous and Langlois' urged that the function 
of the adrenals was to ^^neutralize or destroy toxic substances 
produced or elaborated during cliemical interchanges, and par- 
ticularly those resulting from muscular work.” In 1894 Lloyd 
Andriezen^ concluded that ^‘the pituitary gland exercises a 
trophic action on the nerve tissues, which, in more definite 
terms, means enabling tlnmi” .... ‘Ho destroy and render 
innocuous the waste-products of metabolism.” As to the thy- 
roid, it may be said to have been connected with both these 
processes almost since any function was ascribed to this gland. 
“According to one Iiypothesis,” says Howell,'* “the function 
of the secretion is antitoxic. In some way it antagonizes toxic 
substances sup[)osed to be formed in the body in the course 
of normal metabolism.” We have seen in a preceding chapter, 
that the labors of Vassale and Generali, Gley, Moussous, Jean- 
delize and others have conclusively shown that this applied to 
the parathyroids as well. 

In the first volume (1903) and in several papers written 
since, I pointed out that the spasmodic and convulsive phe- 
nomena witnessed after removal of either the thyroid, adrenals 

^Abelous and Langlola: Arch, de physiol, norm, et path.. 6 s^ria. vol. Iv. 
pp. 269, 465, 1892. 

>AndriGzen; Drit. Med. Jour., Jan. 13, 1894. 

•Howell: Trans. Cbngr. Amer. Phys. and Surga., vol. Iv, p. 70, 1897. 
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or pituitary should not be ascribed to the fact that absence of 
cither of these organs prevented a direct action by tlieir secre- 
tion or their cellular elements upon spasmogenic f)oison8, but 
that the seizures were caused by toxic waste-products, as all 
three of these organs formed part of the adrenal system which 
carried on the oxidation process through which these wastes 
would otherwise have been adeciuatcly catabolized. 

Although over four years have elapsed since I urged this 
view, submitting considerable clinical and experimental evidence 
in its support, mere assumptions as to the pathogenesis of the 
group of disorders studied in this chapter still hold sway, while 
the appalling mortality of the acute diseases among the group 
continues unchecked. Of tetany, the simj)lest of the scries. 
Osier says, in the last edition of his ih’actice (11)05) : ‘^Tho 
nature of the disease is unknown.^’ Ample testimony is avail- 
able to show that a (correspond ing ignorance of the nature of 
the other diseases of the group prevails. Indeed, Joseph Col- 
lins,^ a prominent neurologist, wrote recently: ^‘\Vc know 
very little more concerning the etiology, pathogenesis, and the 
clinical display of nervous diseases, organic and functional, 
than we did twemty years ago.^^ This state of things will con- 
tinue as Jong as neurologists will y)ersist in ignoring the car- 
dinal rcile of the internal secretions in nervous diseases. 

The stnmgth of the evidence submitted in this chapter 
to the eff(?ct that hypocatabolism is the underlying cause of 
the five diseases atudi(cd below is self-evident. Whether, as in 
t(ctany or the far more s(?vere puerperal (eclampsia, it be due to 
the formation of products of metabolism in excess of Hue (pian- 
tity whi(‘h the adrenal system can convert into benign and 
eliminable products; or to paresis of the adnmal system itself 
by tetanotoxin or the virus of rabies; or to functional torpor, 
inherited or actpiired, of the same system as in epilepsy, the 
pathogenic agents (various intermediate [)roducts composing the 
poison) arc the same, though the eff(?cts are mah'rially influ- 
(mced by the dc^gree of toxicity of the blood, the elliciency of 
the test-organ, etc. 

In the first volume and elsewhere T also submitted that the 
adrenoxin-laden plasma circulated in the axis-cylinders. Con- 


* Joseph Collins: Monthly Cyclo. of Pract. Med., Feb., 1905. 
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siderablc evidence lias since sustained this view, as we have 
seen. This explains, which no one had done before, the pres- 
ence of tetanotoxin in the axis-cylinders and its steady progress 
— as well as of methylene-blue and antitoxin — in these ner- 
vous structures. 

Again, having urged that imperfect catabolism and inade- 
quate functional elTiciency of the adrenal system were the under- 
lying cause of spasm and clonic convulsions, and in the presence 
of the striking beneficial effects of thyroid extract in experi- 
mental tetany, 1 laid stress on the pernicious influence of the 
bromides, chloral and other depressants, calling attention to 
the fact that, far from tending to cure, these drugs tended to 
kill. “They reduce, it is true,^’ I wrote at the time,” “the ex- 
citability of the sensory elements, but they aid the accumula- 
tion of the spasmogenic toxics by inhibiting the oxidation pro- 
cess through which these are destroyed.” Again, after calling 
attention to the hypothermia, the bromides and chloral pro- 
voked: “If the protective, curative element in these dread dis- 
eases is liy peroxidation, what may we expect of induced hypoxi- 
dation? The mortality ratio of rabies, tetanus and puerperal 
eclampsia treated on these lines answers that question.” 

Conversely, we will sec in the following pages that in the 
acute diseases full doses of thyroid extract, of iodine, of the 
iodides, of biniodide of mercury, etc., of powerful adrenal 
stimulants, in a word, are curative. The paresis of the test- 
organ caused by the tetanotoxin and the rabic virus, and the 
inability of the organ to rise to the occasion in eclampsia impose 
the need of th(*se large doses, the aim being to j)revcnt the 
paroxysms by insuring a continuous destruction of the toxic 
wastes which incite them. In cpile])8y, the object is the same; 
but small doses arc alone needed here; the accumulation of 
toxic wastes being relatively slow, the aim is to supply the small 
surplus of oxygenation recpiired, and to reduce by dietetic meas- 
ures the products of metabolism formed. 

On the whole, the picture submitted below of the patho- 
genesis of the dread diseases studied in the present chapter and 
the modus operandi of the various agents recommended, differ 
from any so far contributed except by myself. But I must 

^Sajous: Jour. Amer. Med. Assoc., Feb. 4, 1906. 
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again urge that with the adrenal system as the fundamental 
mechanism of all processes involved, the relations between 
cause and effect appear in their true light, viz., that it is only 
by aiding the body’s defensive resources that we can hope to 
master disease. 


TETANY. 

Synonyms. — Intermittent Tetanus; Little Tetanus; Teta- 
nilla. 

Definition. — Tetany, a disorder characterized by painful 
tonic spasms, is caused by waste-products which, by provoking 
a marked rise of blood-pressure, cause capillary hypenemia and 
hyperexcitability of all organs, including the spinal and peri- 
pheral nervous systems. A spsism occurs when this general ex- 
citability is suddenly increased by the appearance in the blood 
of an excess of auto-antitoxin, the result, in turn, of a defen- 
sive reaction of the adrenal system, and lasts until the spasmo- 
genic poisons have been more or less converted into harmless 
and eliminable end-products.* 

Symptoms and Pathology. — In some cases the spasms proper 
are preceded by prodromata, i.e,, tingling or numbness of the 
extremities, headache, nausea and vomiting, mental depression, 
vertigo, irritability, a vacant stare, and transitory blindness. 

The spasms occur in the four extremities in the majority 
of cases and in the upper extremities in practically all other. 
The thumb is flexed in the palm, the fingers arc bent at the 
metacarpo-phalangeal joint, but stiff beyond this limit, the 
wrist is flexed upon the forearm and the arm folded over the 
chest. In rare instances, the fingers close over the thumb. 
The spasms soon extend to the lower extremities; as a rule, 
these are stiff at the hips and knees, the feet being extended 
and the toes flexed. The facial muscles are often involved, 
causing locking of the jaws, as in tetanus, and the risus sar- 
donicus. When the muscles of the neck, chest and back are the 
seat of spasm, the head may be thrown forward or backward, 
and opisthotonos may occur. The diaphragm and the laryngeal 
muscles are not infrequently included in the morbid process, 
causing marked dyspnoea. Stridulous respiration and cyanosis 
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may be provoked by the laryngospasm, a dangerous feature of 
this disorder. Pain in the contracted muscles and cutaneous 
hyperacsthesia are generally present. Among the phenomena 
less frequently observed are: oedema of the extremities, sweat- 
ing, erythema, purpura and other eruptions, and anuria. The 
pulse is frequently accelerated, though the temperature is usu- 
ally normal, and seldom exceeding in the exceptions 101® F. 
(38.;r C.). 

"Die spasms proper may last but a couple of minutes, hut 
often they succeed one another without complete relaxation dur- 
ing the intervals, so that the paroxysm is in reality a series of 
exacerbations of spasm lasting from ten to fifteen minutes. 
They may recur r(‘peatcdly in twenty-four hours during sev- 
eral days, weeks, and even months. 

Several of the ])hciioiiieTia mentionod do not appear in tlie averajye 
tcxt-)>ook. The vacant stare was observed by F. M. Crandall.® C. P. 
Howard,’ in a study of a lar^je niitnber of eases, states that ‘‘transitory 
blindness has be<‘fi recorded by Kiissinaiil, Boiiveret, Trevilian and 
Cunningham.” Of trismus, Howard writes: “That this does occur in 
tetany as well as in tetanus must not be forgott(m, as it is present in 
10 of my series,” f.r., (iS cases, ineluding 9 of his own. Again, he stiites 
that “spasm of the muscles of the neck, or of the back, or of both was 
present in 24 cases, and in several gave rise to well-marked opisthotonos.” 
Finally, referring to the spasm; “While usually tonic in character, it 
may be clonic at the onset, and in sonie cases from this fact may be mis- 
taken for c^pilepsy; though it should be borne in mind that in true 
epilepsy the tonic stage always precedes the clonic. A general con- 
vulsion occurred in 13 of my seric’, of wliicli !) were children.” Tetany 
obviously embodies many of the characteristic symptoms of tetanus and 
epilepsy. 

Etiology and Pathogenesis. — Tetauy is ])rimiirily duo to 
an aecumulution in tlie blood of toxic waste-products which irri- 
tate the vasomotor and sympathetic centers. Ilic general and 
marked vasocoii strict ion wliich occurs, causes the blood of the 
larger deeper vessels to be driven towards, and accumulate in, the 
capillaries of the entire body.* As the brain and spinal cord 
are themselves rendered hyperaemic by this process, their irrita- 
bility becomes so great that the slightest excitation from the 
periphery evokes a violent reaction.* 3'he cutaneous sensory 
nerve-endings being likewise rendered hypera'inie,* they also be- 
come hypersensitive to external impressions, and a condition is 
produced in which reflex sf)asm may he hmught on by external 

• A%ithor*H vmwlmion. 
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excitants wliich, under normal conditions, would have produced 
no reaction.* Hence* the muscular contraction produced by 
tapping over a muscle (Chvostek^s symptom), or by pressure 
upon a largo nerve or artery (Trousseaifs symptom), the 
marked electrical excitability (Krb’s symptom) and other 
familiar signs. 

That some toxic is the spasmogenic agent is now believed by 
practically all observers. Uoiichard, Gerhardt, Bouveret and Deric," 
Carpenter" and others have ascribed it to intoxication of gastric origin; 
Kwald and Albu^” to a toxic alkaloid of intestinal origin found in urine; 
Oddo and Sarles’*- and Oddo'® to a toxin cinnilaiing in the blood. 

As to the presence of hypcrajinia, Tounelier, Blondeau, Grisollc and 
Trousseau recorded cases in which they had found hypera;inia of the 
brain and meninges, and Weiss, Bonome, Cervesato and Szjibo, and 
others in which poliomyelitis was present. R. Peters'® in an exhaustive 
analysis of 77 cases, including 7 of his own stmlied microscopically, 
found the main lesions to be a small-celled infiltration with lueinor- 
rhages, the latter occuring preferably between the ganglia and anterior 
roots, inflammation of the ganglia, and pachymeningitis. Peters ascribes 
the disease to leiicomaiiies or ptomaines liberated by auto-intoxication, 
and which '^xert their morbid influence u|M)n the nerve-roots. Degenera- 
tive lesions in the gray substance and most pronounced in .the anterior 
horns have been observed by Weiss, Bonome and others. 

The frequency with which mechanical irritiibility of the surface 
o(!eurs is shown by the fact that it was present in all of 49 cases of 
infantile tetany studied by Gaiighofner;^* the Trousseau phenomenon 
was present in 28 of these instances. Romme'® even ascribes the laryn- 
gospasm and facial phenomena to “reflex hyperexcitability of the cord 
and peripheral nerves.” 

The manner in which the sympathetic center is influenced is con- 
sidered at length under “Tetanus,” a kindred disease. 

Tetany occurs in the course of many diseases. Prominent 
among these are: (1) various gastric and intestinal disorders; 
(2) infectious diseases, such as typhoid fever, variola, malaria, 
cholera, scarlet fever, measles, erysipelas, pertussis, pleurisy, 
bronchitis and influenza; (3) j)regnancy and lactation; (4) ura?- 
mia and insolation; (5) violent excitement and exertion. In all 
these conditions, tetany is an accessory phenomenon, due, not to 
the autotoxins or bacterial toxins they add to the blood, but to a 
single class of spasmogenic agent in all cases, ix,, toxic products 
of imperfect catabolism.* 

These toxic wastes accumulate in the blood, because the 

* Author's conclusion. 
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adrenal system— including the thyro-parathyroid apparatus — 
though able to supply enough auto-antitoxin and thyroidase 
(which as opsonin sensitizes the poison) to convert all physio- 
logical wastes into benign and eliminable end-products under 
normal conditions, fails to increase its functional activity suffi- 
ciently when these wastes are produced with unusual rapidity 
(3d, 4th and 5th group), or when exogenous poisons such as 
those derived from the alimentary canal, or bacterial toxins (1st 
and 2d group), are added to the blood.* In the former case 
toxic intermediate wastes simply accumulate in the blood- 
stream; in the latter case, the exogenous poison or toxin, by 
utilizing for its own neutralization a given proportion of what 
auto-antitoxin is available, diverts a corresponding quantity 
from the physiological products of catabolism, the result being 
the same, i.e., a gradual accumulation of toxic wastes, several 
of wdiich are known to be spasmogenic.* 

Tetany may also be caused by (1) certain drugs, alcohol, 
for instance, (2) rickets and (3) removal of the thyroid and 
parathyroids, and myxoederna; the disorder being due here to 
artificially produced deficiency of auto-antitoxin and thyroidase 
in the blood.* Thus, alcohol becomes oxidized at the expense 
of the blood’s adrenoxidasc and so reduces the quantitative effi- 
ciency of the latter that the auto-antitoxin formed is poor 
in this substance; as a result waste-products are imperfectly 
broken down, and toxic wastes accumulate* — provided the ad- 
renal system fails to react. Rickets, a disease due to deficient 
nutrition of the bones owing to tardy development of the pituit- 
ary body, i.e., of the adrenal center, is self-explanatory as a 
cause, since the resulting deficiency of adrenoxidasc entails im- 
perfect catabolism.* Itemoval of the thyroid and parathyroids 
accounts as readily for the tetany it provokes, since it is this 
organ’s secretion, thyroiodase* (opsonin*), which sensitizes all 
substances to be eatabolized, besides sustaining the functional 
efficiency of the adrenal center up to its normal standard.* 

Briefly, notwithstanding the multitude of disorders with 
which tetany is associated it is invariably the result of an 
accumulation of toxic wastes in the blood,* except when caused 
by exogenous poisons. 


* Author’s conclusion. 
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BiedP* states that “the generally accepted view today (Pincles, von 
Frankl-Hochwart Chvostek) is that all forms of clinical tetany are of 
parathyroid origin.” From my vievvjwint this is due to the fact that 
removal or pathological destruction of the parathyroids deprives the 
thyroid secretion of its main antitoxic constituent. 

We have seen that various authors ascribe tetany, to toxins of 
gastro-intestinal origin. While this accounts theoretically for some 
cases, it fails to do so in the seven other groups enumerated, although 
the symptoms of the disorder are similar, though differing in intensity, 
in all cases. This points clearly to a common cause. The epidemic 
forms observed in Europe, by von Jaksch*^ and others, were in reality 
some obscure disorder, in the course of w'hich tetany appeared as it does 
in many diseases. Tetany itself thus loses the epidemic character 
attributed to it by some. Tliat several intermediate waste products 
capable of causing convulsions have been isolated will be shown in the 
articles on Tetanus and Epilepsy. 

Even apart from my own views, the thyroid gland, including the 
parathyroids, is now regarded as serving to antagonize spasmogenic 
poisons. Thus Howard, referring to the investigations of Gley, Vassalc, 
Generali, ITalsted and MacCallum — ^all of which, beside others, have 
been reviewed in this work — states that “when these glands are removed, 
a poison which was formerly neutralized by them acts upon the central 
nervous system and produces tetany.” MacCallum is also stated by 
Howard to have ascribed tetany to “the production of so much of this 
unknown poison that the normal parathyroids are insuiheient to neu- 
tralize it.” Conversely, Fleiner “regjirds the action of poisonous pro- 
ducts of metabolism as of leas importance than other factors,” but 
Howard points out that “the great objection to Fleiner’s theory is that 
it suffices only as an explanation for the gastric form of tetany.” Even 
here it fails, for, as Howard corrccitly states, “Albu, Giiniprecht, von 
Jaksch, Dickson and others have repeatedly failed reproduce tetany 
by injecting into animals untreated gastric contents from cases of tet- 
any.” It is evident, therefore, that not one of the eight groups of dis- 
orders mentioned above is the spasmogenic agent, and that poisonous 
products of metabolism can alone be credited with this morbid rOle. 

But how account for the marked clinical kinship between some 
cases of tetany and epilepsy? L. Pierce Clark,'* after studying 150,000 
epileptic seizures at the Sonyea Colony for Epileptics, concludes that 
“wo must see the principle of pathogenesis in an initial toxin or auto- 
intoxication,” i.e,, “an accumulation of waste- products.” 

When the iiccumulation of toxic wastes attains a certain 
degree which varies according to the sensitiveness of the test- 
organ, this organ awakens through the adrenal system a pro- 
tective reaction.* The adrenals being stimulated, the propor- 
tion of adrenoxidase — and therefore auto-antitoxin — in the 
blood is increased temporarily.* The effect produced is ap- 
parently a morbid one, i.e., a spasm or series of them, since the 
sudden increase of oxygen in the blood further excites the 
already hypersensitive nervous system, central and peripheral. 


• Author' M vonvlUHion. 

ifl Bledl: “The Internal Secretory Organs/' p. 46, 191.1. 

<7 Von Jaksch: Zelt. f. klin. Med., Bd. xvil, Suppl.. S. 144, 1890. 
L. Pierce Clark: Med. News, July 18, 1903. 



1434 INTERNAL SECRETIONS IN PATHOGENESIS AND TREATMENT. 


The increase of auto-aiititoxin compensates for this: It neu- 
tralizes not only the toxic wastes, but also the specific poison 
or toxin of the disease (typhoid, erysipelas, etc.) upon which 
tetany, an autonomous phenomenon, may be grafted.* 

The spasms of tetany arc, to a certain extent, therefore, 
an expression of auto-protectivc activity.* They occur partly 
because the augmentation of auto-antitoxin, which is the body’s 
main safeguard in all diseases and the active agent in all febrile 
processes, happens to coincide with a condition of marked 
irritability of the central nervous system.* 

This Jieeoiiiits for the faet that a period of improvement often 
succeeds a oonvulsion. Tlie curative inlliience of thyroid extractives or 
thyroid grafting in the tetany following thyroidectomy points to the 
manner in which the toxic wastes are neutralized. By stimulating the 
adrenal center the proportion of antitoxin is inc*reas<*d — precisely as if 
the thyroid gland were still present. I'hiis, Hutchinson^® and others 
found tliat thyroiil extract increased oxidation, while Magnus Levy®® 
and Scholz-* observed that it increased the consiiiiiption of oxygen arid 
the proportion of CO, excreted. As will be shown under Treatment, it 
is as effective in clinical tetany as it is aftt^r thyroidectomy. 

Treatment. — 'riic primary disease, that which, by depriv- 
ing the blood of some of its auto-antitoxin, renders the accumu- 
lation of toxic wastes possible, should be eliminated whenever 
feasible. Practically all eases in ndulls are due either to some 
gastric or gastro-intestinal disorder, or to pregnancy and lac- 
tation. Gastric dilation is not infrecpieiitly observed and it 
is in this class of cases that death is apt to occur. An important 
feature of this condition is that it is directly due to insulficiency 
of the adrenal system: the ddood being poorly supplied with 
adrenoxidase, the entire muscular system is relaxed, including 
the musculature of the stomach.* A similar condition prevails 
in pregnancy, the adrenal center being unable to insure neutral- 
ization of the waste-prod luds of both mother and IVetus.* 

Tinder these conditions, treatment of the tetany itself 
(besides any other measure that the concomitant disorder de- 
mands), Le.y stimulation of the adrenal mechanism to increase 
the blood’s auto-antitoxin, meets the needs not only of the 
tetany, but of the primary disorder also.* Again, when we 
consider that it is through an increase of auto-antitoxin that 


• Authnr’s eonclusion. 
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all exogenous and endogenous poisons are antagonized in the 
blood, it becomes apparent that all agents which increase the 
functional activity of the adrenal system tend to cure not only 
tetany itself, but its cause.* Thyroid gland (that available, 
which contains parathyroid) is thus indicated in all forms of 
tetany. Large doses have been found necessary; 5 grains 
(0.3 gm.) or more every three hours may be used at first, and 
gradually increased. Parathyroid is beneficial in some cases, but 
probably only the milder ones. (See also p. 711, vol. i.) 

It is probable tliat the iiiulerlyiiig eaiise of tetany in many cases 
is deficiency of thyroitl s«K*relioii. Thus dottstein’- arrested tetany of 
twenty years* duration in a case of myxa‘deuia. Yung, Jlreisacb, Murray, 
Hutinel, Maestro'-^ and Byroiu Braiuwell-^ have also re|)orted cases of 
tetany or laryngospasm apparently devoid of hypothyroidia benelitted 
and even cured by thyroid extnict.-® Lcvy-l)orn-“ obtained striking 
results in a case following parturition, the s])asm ceasing after the sixth 
dose. Other instances of this kind have Ix^en r(‘])ortcd. This result 
obtains, however, only in cases in which the iidnuial c'cnter responds to 
excitation; it may be too poorly developed to do so, jis in some rachitic 
children, or it may have been so actively stimulatiHl by the eoncoinitaiit 
process, pregnancy for iiistanci?, that its eHi(;iency cannot be raised 
further even by thyroid extract and the tc»tany persist. 

As to the value of parathyroid extract, the question is still 
unsettled. Kasterbnxjk'-^ tried parathyroid extract in several cases, 
employing enormous doses in some; the only effect was a slight rise 
of blood- tension. MacCallum,^ however, was able to arrest the symp- 
toms produced by excision of the parathyroids by injecting the blood of a 
normal dog. The same observer and Davidson'-^ found that an emulsion 
or extract, to produce its maxinnitn effect, must be introduced into the 
veins in considerable quantity — a fact which they think tends to mili- 
tate against its use in human beings, alUiougb it might be of use in cases 
due to partial adrenal insufficiency. This is sustained by the observation 
of Loewenthal and ‘ Wiebrecht that it was beneficial in some cases and 
not in others. 1’he fact -that the product of the parathyroids is but a 
constituent of thyroidase probably accounts for its relative inertness. 
In the light of my view's it re<piires the scifrctioii of the thyroid to 
acquire its physiological power. 

Til cliildren gastro-intostinal disorders' aro likewise the pri- 
mary exciting eaiisc in the majority of cases. Thirgation and 
attention to tlic dicjt sometimes snllice to arrest the spasms. 
Thyroid gland has also given good results in siudi eases after 
the alimentary canal had been judiciously treated. Calomel, 


• Author* a conclusion. 
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which also stimulates energetically the adrenal center,* has been 
used advantageously every other day in V 4 grain (0.05 gm.) 
doses to prevent the formation of toxic substances.* Saline 
aperients are also useful in such cases. Salol, 5 grains (0.3 
gm.), has been recommended for .tlie same purpose. Warm 
baths, by drawing blood to the periphery and increasing (owing 
to the heat, which enhances the energy of all ferments) the 
proteolytic activity of its auto-antitoxin,* are very beneficial. 

Oddo" found calomel very efficacious in the above dose, for the 
expulsion of intestinal toxic substances and their removal. With 
Ilauser°' he recommended lavage, but this is a difficult and dangerous 
procedure in tetanic children. Maestro observed that thyroid gland, 
administered raw or slightly cooked, 30 to 60 grains (2 to 4 gms.) daily, 
to children, rapidly diminished the intensity of the spasms and finally 
arrested them. Warm baths are recommended by many clinicians; 
the efficiency of ferments being raised by heat, the trypsin of the auto- 
antitoxin acquires increased activity; moreover, the congestion of the 
(xmtral nervous system is markedly relieved. 

Saline solution is a useful adjuvant to increase the osmotic 
properties of the blood and thus facilitate the circulation of the 
auto-antitoxin.* It may be given orally in adults and by enema 
in children, large quantities being injeeted. 


Kiissmaul long ago suggestml that the spasms were at least partly 
due to diminution of the body fluids — tbe theory of “dehydration” 
supported by other clinicians. It is mainly in severe tyjies of tetany that 
the decinormal solution is ciTcctual. Thus Gomez’'^ obtained prompt 
results and finally recovery in cases in which the spasms included 
opisthotonos. 


To control the spasms, 10-grain (0.65 gm.) doses of bro- 
mide of sodium usually suffice; such doses reduce the excita- 
bility of the vasomotor and sympathetic center just enough to 
diminish the cutaneous congestion without lowering the activity 
of the adrenal center.* If it fails to reduce the spasm chloral 
hydrate may be added to the bromide, also in 10 -grain doses. 
In children the chloral may be given by enema. Additional 
measures to relieve the spasm are given in the article on Tetanus. 


• Authar'H conclusion 
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TETAJIUS. 

Synonym. — Lockjaw. 

Definition— Tetanus, a condition characterized by par- 
oxysms of severe tonic spasm, is the terminal stage of an infec- 
tion by a specific bacillus the toxin of which causes paresis of 
the test-organ. The functions of the adrenal system being 
inhibited, toxic waste-products accumulate in the blood which 
provoke an intense rise of blood-pressure and, as a result, 
capillary hyperaemia and hypercxcitability of all organs, includ- 
ing the spinal and peripheral nervous systems. A spasm occurs 
when this hypercxcitability is suddenly increased by the .appear- 
ance in the blood of an excess of auto-antitoxin, the result, in 
turn, of a defensive reaction of the adrenal system, and lasts 
until both the specific toxin and the toxic wastes have been 
more or hiss converted into harmless and climinablc end- 
products.* 

Symptoms and Pathology. — ^The tetanic paroxysms appear 
from a few hours to two weeks after the introduetion of the 
specific agent of tetanus into the tissues. The attack is some- 
times preceded by (;hilly sensations, hypothermia, lassitude, 
yawning, and in traumatic eases by some tenderness and mus- 
cular twitchings in the neighborhood of the wound. 

The attack itself begins by more or less marked rigidity 
and perhaps slight pain of the muscles of the jaws, ne(*k, tongue 
and (esophagus, the patient soon finding it difficult to swallow 
and then impossible to open his mouth. This stiffness gradu- 
ally invades the entire body, i.e., the muscles of the back, 
abdomen and legs, and the patient finally becomes as stiff as 
a board. In some cases the spasm occurs in certain groups of 
muscles earlier than in others and the body may be bent to 
one side or the other, backward — opisthotonos — or forward. 
The facial muscles may also contract irregularly, causing dis- 
tortion of the features; the (iy(4)rows may be raised and the 
angles of the mouth elevated, causing the grin of tetanus, i.e., 
the risus sardonicus. The paroxysms, at first comparatively 
painless, become extremely severe, the patient being often in 
drenching sweat; but fortunately they do not generally last 


* Author's definition. 
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longer than fifteen seconds. They may l)e provoked by the 
slightest touch, a breath of air, noise, etc. 

When tlui muscles of respiration and the diaphragm take a 
very active part in the spasm, the respiration becomes hurried 
and short and the patient may die of asphyxia. The heart 
may likewise be inhibited through excessive constriction of the 
coronaries,* and its action become very weak, irregular and 
finally arrested. Althongh the temperature may rise moderately 
during the seizure, it sometimes becomes high — 110° F. (48.3° 
C.) on the approach of death. Most cases die within the first 
few days, but some may endure much longer — weeks even. 

Pathogenesis. — Tetanus is due to the accumulation in the 
blood of certain jmisons which cause marked irritation of the 
sympathetic and vasomotor centers.* The propulsive activity 
of the arterioles is not only enhanced to a marked degree by the 
exaggerated symiiathetic impulses, but the irritation of the 
vasomotor center, by provoking excessive and general vaso- 
constriction, causes tlio deeper vascular trunks to drive a part of 
their blood into the peripheral capillaries, including those of the 
spinal (*ord and skin.* The spinal reflex centers l)eiug thus 
rendered excessively irritnb’e and the cutaneous sensory ter- 
minals correspondingly sensitive, a condition is produced in 
which a spasm may be brought on at any moment ))y the sliglit- 
est exciting cause, a touch, a breath of air, a slight noise, etc., 
or some endogenous excitant.* 

The blood- pressure was found elevated by Taubcu"’* not only during 
spasms, but also during the intt»rvals. The arterial tension is 'so great 
in sonic eases that rupture of the capillaries may be eansed by the blood 
forced into tliem. Tims, Molle’’* observed luemorrbage in teLiniis. 
Marineseo*® found diffuse liiemorrliages in the gray substance of tho 
spinal cord, especially in the anterior horns. Vlnnter"* noted marked 
dilation of the spinal vessels, coupled with iiiiiltratiou and miliary 
liiiMUorrliages ; Mattlies” also found in the spinal cord extensive bamior- 
rbages and disseminated smaller luemorrliages, coupled with “enormous” 
enlargement of all the small blood-vessels — a condition which the autlior 
ascribes t^ hyperfpinia, and not to the tetanus poison. Of course, all 
muscles, including those of the vessels, being abnormally contracted 
during spasm, the blood-pressnre is higher <lnring the latter' than during 
the intervals, but tho fact remains that the hhxjd- pressure is high 
during the entire course of the disease and that this is due to irritation 
of the spinal cells. 

• Author's conrUislon. 
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As to the participation of tne sympathetic center in the process, 
we have seen that Cyon produced spasm by exciting tliis organ, i.r., the 
seat of the general sympathetic center, as I have pointe<l out. These 
fibers, after leaving the pituitary and the nucleus above, pass posteriorly 
along the walls of Uic third ventricle. This accounts for the tmisciilar 
movements noted by Flourens, iiechterew, Weber, Fcrri<?r and others 
on exciting the walls of the third ventricle. Ziehen,'** moreover, found 
that removal of the hemispheres in rabbits and excitation of the remain- 
ing structures, including the corpora ({uadrigemina, caused pro]ong(*d 
tonic spasm. Prus"“ then found that when the pyramids had been 
divided, the spasmogenic im))ulses passed by way of the base, c.^r., the 
tegmentum and pons, an observation coniirmcMi by UischofT,^® liering 
and others. 

Hering,^^ in experiments which included twenty monkeys, ascer- 
tained that after division of the pyramids in tlie latter animal it was 
impossible “to inhibit a tonic spasm in the isolated extremity.” In an 
extensive scries of experiments, Nino Samaja" recently showed, in fact, 
that in the higher mammals tonic convulsions were “exclusively” due to 
impulses from the of the brain, the path, we have seen, of the 

sympathetic lilamcnts derived from the pituitary body. 

The presence of marked hypera^rnia of the spinal system is 
generally recognized. Thus Kwing,^® referring to the spinal cord of a 
case examined by him, states that “the capillaries were everywhero 
distended with blmid and a few minute extravasations were found in 
the floor of the fourth ventricle.” 

When the aceumnlation of toxic wastes in tlio lilood exceeds 
a certain limit, the test-cirgan incites a protective reaction 
through the adreno-thyroid center.* A large (puintity of auto- 
antitoxin suddenly invading the blood, the existing liypersensi- 
tiveness of all nervous elements, central and peri])heral, is in- 
creased, owing to the increased rapidity of metabolism, and a 
spasm occurs.* Indeed, the spasms should not be regarded as 
constituting the disease as the term ^^tetanus” suggests; they 
represent a terminal phase of the disease, wdicn the aceiimu- 
lation of poisons in the blood has become so gr(*at tiiat a supreme 
physiological effort is necessary to destroy them.* Each spasm 
represents such an exacerbation of protective activity.* 

The increase of auto-antitoxin in the blood l)cing itself 
paroxysmal, as in all convulsive disorders, the erethism and 
sensibility of the spinal and cutaneous ncrvc-cells are also 
paroxysmal. Yet the paroxysm is not due to direct excitation, 
by the anto-antitoxin, of the corcbro-spinal cellular elements; 
these are merely rendered still more irritable than before.* The 
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true spasmogenic factor is the skin, owing to the presence therein 
of the sensory nerve-endings, which, more easily than other 
nerve-elements, are capable of provoking reflex motor spasm. In 
other words, the wave of auto-antitoxin acts as an endogenous 
excitant, much as would one of the exogenous excitants, a touch, 
a noise, etc., on the surface, and a reflex spasm follows.* 

Tho accumulation of adrenoxidase and the resulting rise of 
temperature vary mnsiderably in different cases, the adrenal center 
being sometimes unable to re ict. with sufficient vigor to master the 
situation. D'Arsonval^ not only observed in some experimental animals 
a rise of 40® to 41® C. (104® to 105.8® F.) and above, but he states that 
the spasms “corresjiond exactly with the ^perproductions in the ther- 
mogencsis.” This clearly shows that while a continuous febrile process 
was present, the spasms coincided with the exacerbations of that process, 
in accord with my conclusions. Indeed, Thaon^® recently found clear 
signs of overactivity of the pituitary after death from tetanus. 

The fundamental experiment of Hales, that suppression of the cord 
in frogs prevented all reflex response always obtained on irritating the 
skin, is complemented by the well-knowm fact that the application of 
cocaine to the skin prevents the convulsion of strychnine. Courmont 
and Doyon,^® Avorking in tho laboratories of Arloing and Morat, pointed 
out, alter exhaustive experiments in frogs, guinea-pigs, rabbits and 
dogs, that the spasms of tetanus were also reflex and produced by 
irritation of the peripheral sensitive nervcrendings — a view sustained 
experimentally by Hrunner^^ and others. Moreover, Courmont and 
Doyon adduced considerable testimony showing that the supposed 
tetanic poison was not such and that n chemical phase exist<^ between 
this poison, and the spasm. Though they failed to discern the identity of 
this intermediate substance, their" experiments im])osed the conclusion 
that they were “newly formed in the body” as shown below. 

Etiology. — The prinmry cause of tlic disease in traumatic 
tetanus is the presence in the tissues of the tetanus bacillus, 
found in the soil and in the pus of wounds of individuals suffer- 
ing from the disease. It occurs mainly in garden soil contain- 
ing manure, in the superficial dirt of streets, roads, stables, etc., 
and enters the tissues when these are lacerated — even though 
the injury be slight — with what soil penetrates the wound. 
An injury of the hands when they are soiled may thus initiate 
tetanus, while a sharp object such as a nail, a piece of glass, etc., 
which has lain in the dirt, on penetrating the foot may also in- 
troduce therein the pathogenic germ. It may likewise be intro- 
duced during vaccination, the surgical use of gelatin, etc. 
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Tetanus neonatorum, which ensues when the umbilical cord is 
not properly cared for, the tetanus following vaccination and in- 
jection of antitoxin, in surgical operations, etc., are all caused 
by. the bacillus tetani. 

Idiopathic tetanus is also ascribed to the tetanus bacillus, 
which is thought to penetrate the skin or mucous membrane by 
some undiscovered injury. As it has been found in large quan- 
tities in the faeces, it is thought to be a host of the tissues, though 
not of the blood itself, and to multiply when exposure to cold, 
and other conditions which lower the resistance of the tissues, 
favor its multiplication. 

The bacteriology of idiopathic tetanus is still very obscure. Yet 
in the light of rny views, cold, ex|)Osure, etc., may well facilitate the 
multiplication of germs present in the tissues. Thus, Pizzini^" found 
the bacillus tetani in the fieces of stable attendants. Leucocytes being, 
as we have seen, the intermediaries between the intestinal canal and the 
tissues, the manner in which the germs may be transported to the latter 
is obvious.* As cold inhibits protciolytic activity by lowering the tem- 
perature of the ferment, the digestive activity of the leucocytes may 
itself be impaired and the — extremely resistant — tetanus bacilli reach 
the tissues unharmed and quite able to multiply.* 

Once in the tissues, the bacillus remains at the seat of 
infection and multiplies in situ. Here it secretes a very poison- 
ous toxin, which increases in quantity gradually as the Tuulii- 
l)lication of the germ progresses, and the time finally arrives 
when the blood contains a sufficient amount to initiate the 
terminal phase of the infection, i.e., tetanus. 

The toxin of the tetanus bacillus is not, as now believed, 
the direct cause of the spasms witnessed during the disease.* 

Considerable importance is now attached to the presence of the 
toxin in the nerves themselves, besides that found in the blood, a fact 
demonstrated by Bruschettini, in 1S92, and confirmed by Marie"® and 
others. Since I have shown, however, that the blood-plasma circulates 
in the nerves, i.e., in the axis-cylinders, the presence of toxin in them 
becomes a normal phenomenon. As Guinpre(;ht found it also in the 
neural lymphatics, it evidently enters likewise the tissue lymphatics 
and may thence be readily carried to the blood-stream and penetrate the 
nerves. 'Marie and Morux,"* in fact, after injecting a tenfold fatal dose 
in the leg-muscles of guinea-pigs, found the toxin in the blood and 
sciatic nerve of the corresponding side. They ascertained also that the 
axis-cylinders took up the toxin centripetally — the direction taken by 
the blood-plasma. Meyer and Ransom®* confirmed these observations. 

• Author's conclusion. 

^*Pizzlni: Rev. d’lg. e san. pub.. No. 5, 1898. 

*0 Marie: Ann. de I'lnst. Pasteur, vol. x1. p. 691, 1897. 
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As interpreted from my standpoint, these plienomenn merely exemplify 
the manner in whieh any poison enters the neural elements with the 
plasma. Indeed, we have seen that Meltzer showed tiiat methylenc' 
blue entered the axis-eylinders at either end. 

That the toxin of the bacillus tetani is not the direct cause of the 
spasms of the disease is shown in various ways. ( 1 ) When injected 
into nerves, as observed by several investigators, it evokes spasm of the 
corresponding (‘xtreinity or region supplied by that nerve or by the spe^ 
cial cells reached by the poison. This is not the case in tetanus; while 
the muscles around the wound may be somewhat spastic, the spasms 
of tetanus begin in the face or neck (hence the term “lockjaw'”), even 
though the source of tlic toxin, the injury, be in the foot— anywhere, 
in fact. (2) Meyer an<l Ransom found that when introduced directly 
into the {wsterior root of a spinal nerve between the posterior ganglion 
and the cord, the toxin caused excruciating pain. In tetanus no such 
pain appears, notwithstanding the predilection of the toxin for the 
spinal gray substance. (3) As observed by Courmont and Doyon, a 
certain dose is fatal to an animal after a period of incubation; this 
dose may be increased to any extent, one hundred fold, even, without 
shortening this period. In the case of true spasmogenic poison, strych- 
nine, for instance, the larg(*r the dose, the sooner death occurs. (4) 
Meyer and Ransom found that when the toxin w'as injected in n vein, 
a period of incubation of three or four days was follow’cd by true 
tetanus. Why this d(*lay, if the toxin produces spasms by acting di- 
rectly on the* nerve-cells? It cannot be ascribe<l logically to delay in 
reaching the central system, since a sulHeient dose of strychnine intro- 
duced in the same way produces spasm in a few minutes. This is 
further eniphasize»l by the fact that the letlial activity of tetanus toxin 
according to T^ehmanii and Neumann'^* is from 30 to 100 times greater 
than that of strychnine. 

The first of the soluble toxin is to stiimilatc the test- 
organ, Le,. th(j adnuiul center — an auto-protcctivc reaction.* As 
a result, iliere occurs an abundant production of adrenoxidase, 
and therefore of auto-antitoxin in the blood,* and, in robust 
individuals, moreover, a marked leucocytosis. Tlie success of 
the immunizing pro(?ess depends ujmn the efficiency of this 
auto-protcetive function,* and to some extent upon the quantity 
of infectious material introduced. It is probable that most 
wounds in which soil lias penetrated arc contaminated, and tliat 
the great majority are not followed by tetanus only because the 
antitoxic and phagocytic properties of the blood can successfully 
cope with the bacilli and their toxins from the outset.* 

Courmont and Doyon, w'c have seen, concluded after many experi- 
ments that tetanus was caused by soluble substances “newly formed in the 
body,” under the influence of the toxin. Though unable to indicate their 
source or identity, they also found that when a dose of extract of tissues 
containing tetanus toxin (extract of normal tissues giving no result) 
too small to cause death was injected into an animal, its blood soon con- 
tained “in abundance” a spasmogenic soluble substance. Of this sub- 

• Author's conclusion. 

Lehmann and Neumann; “Bacteriology,** American edition, by Weaver, 
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stance, they say: *Mt resists prolonged boiling, although the products 
of the bacillus become inactive above a temperature of 05® C.” These 
results have been confirmed by Huschke and ()ergel“ and by lllumeiithal.'^'' 
Now, we have repeatedly seen that oxidase alone stands boiling without 
being destroyed, and that it can itself provoke tetany by enhaneing 
excessively the energizing properties of the blood and the irritability 
of nervous elements, peripheral and central. It is plain, therefore, that 
tetanus toxin can, in small doses, powerfully stimulate the adrenal 
center, i.c., the auto- protective functions of the body. 

The plmgopytic properties of the blood arc also greatly increased, 
and Metchnikoff, Vaillard and Vincent” and others liave shown that, 
under favorable conditions, phagocytosis sulliced to arrest the morbid 
process. 

When the protective resources — ^])hagocytes and 'anto-anti- 
toxin— of the body arc unable to destroy the pathogenic germs 
and their products as fast as they increase in ihe blood, the 
toxin depresses and tends to paralyze the I'unetional ctTieicncy 
of the adrenal center.* By thus inhibiting the formation of 
adrenoxidase, and therefore of auto-antitoxin, (lie toxin prevents 
the destruction of physiological wastes which include several 
intermediate toxic bodies.* 

Striking, in this connection, is the testimony of physiological chem- 
istry. Oxidase, wc have seen, is a soluble globulin mixed with the 
blood’s serum albumin. Ohittenden,'’*’* referring to the tetanus that fol- 
lows thyroidectomy in animals, savs that “in the period preceding the 
convulsions the precentage amount of serum albumin is increased and 
the globulins decreased J** Now, the symptoms of the period of incuba- 
tion, cliilliness, actual rigors and hy]K)therniia, yawning, lassitude, etc., 
clearly point to the time when, overwhelmed by the accumulated toxins, 
the adrenal ecmler is losing ground and reducing passively, therefore, 
the oxidase supplied to the blood. Injected toxin sometimes evokes 
nothing but such symptoms, causing extreme hypothermia and death, 
as observed by lliiiot."" Ddnitz*” also obtained, by large doses in sus- 
ceptible animals, great wasting with occasional convulsions and finally 
gen<*nil paralysis. ^Montesnno and Moiitessori'" foun<l • a(?tive tetanus 
bacilli in the cerebro-sjiinal fluid of a case of general ])aralysis. Cases 
of paralysis of facial muscles have also been observed by Rose, Lepine, 
Waltenlioir,®® J. Heinlrie bhiyd'” and others — a fact which suggests that 
the tctjinus toxin may not limit its paralyzing action to the adrenal 
center. Federofl'®^ likens the virulence of the toxin to that of snake- 
venom. As in the ease of the latter, the blood is sometimes laked — 
evidence, wc have seen, of advanced adrenal insufnciency. 

The toxic wastes that remain uiidestroyed in the blood soon 
begin to accumulate therein, and constitute the true intrinsic 

• Author's conclusion. 
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pathogenic agents of the disease, since they are the irritants 
which cause the vasomotor and sympathetic centers to become 
hypersensitive in the manner defined under the preceding head- 
ing.* 

As tetanic spasms always occur (in carnivora) after experimen- 
tal thyroidectomy, they cannot be ascribed to the tetanic toxin, or to 
poison of external origin. Some toxic substance formed in the body 
itself can alone, therefore, be accountsiblc for the intense irritability of 
the spinal cells which renders the occurrence of seizures possible under 
the least excitation, extrinsic or intrinsic. The prevailing view at the 
present time is that of Victor Horsley,'® Bliimreich and Jacoby*® and 
others, t.e.; that the spasms are due to “one or more toxic substances 
tending to accumulate in ‘the blood” (Sehiifer®’) . Referring to the teta- 
nus of experimental thyroidectomy, Chittenden'* also says: “It would 
appear that in the first stages is an abatement of the mettibolism . of 
the tissues, followed by an increase, and that possibly in the incomplete 
breaking down of the proteid material, intermediate toxic products 
appear which are the cause of the cachexia” 

Prophylactic Treatment. — N otwi t h stan d i ng tlic hopeful 
outlook once afforded by the serum or ‘^antitoxin” treatment, it 
has signally failed to influence the mortality of developed cases 
of tetanus, {.e^, about 80 per cent., while that of the 4th of July 
tetanus, the toy pistol, fire-crackers, etc., is 95 per cent. As 
a prophylactic, however, antitoxin is of undoubted value. The 
highest mortality occurs within the first seven days after the 
onset of the convulsions; after this the chances of recovery 
increase in proportion with the duration of the disease. 

In their study of the reports of 1201 cases, Anders and Morgan"® 
state that “as a means of prophylaxis the serum has been fully tested 
both in America and abroad,” and there is “uniform agreement that 
'antitoxin does protect’ in every case.” They also' conclude, however, 
that “on the other hand, the present status of the serum question 
leaves no room for doubtirg that when given during a well-developed 
case of tetanus, antitoxin does not have any appreciable beneficial 
effect, neither the mortality being reduced nor recovery hastened thereby.” 
In the 870 cases in which the duration of the disease had been given in 
the report, the highest mortality occurred on the seventh day. From 
the tenth day gradually, and the fifteenth rapidly, the mortality 
decreased. Jacobson and Pease,’* after a comprehensive study of re- 
ported cases, conclude that “as a prophylatic measure it merits our 
fullest confidence.” 

The undiminislied mortality of tetanus notwithstanding all 
the work done in reijent years emphasizes the great importance 


* Author* 8 convlusion. 
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of surgical prophylactic measures. All injuries in which con- 
tamination is probable should at once be carefully asepticized, 
opening freely under anaesthesia if required, until all tissues 
reached by the destructive agent, and all local detritus, foreign 
bodies, necrosed tissue, etc., are brought to view. The edges of 
the wound should be retracted and all tissues exposed to the 
air (the tetanus bacillus being killed by oxygen) and finally 
washed out with hydrogen peroxide injected into every recess of 
the wound. The next procedure is to apply a thick layer of 
antitetanic serum to the thoroughly disinfected surfaces, pre- 
ferably in the form of powder of the dried serum. The wound 
should then be dressed. Complete but loose iodoform gauze 
packing — thus permitting the access of air to the tissues and 
free drainage — has given the best results. 

J. Alison Ilawkes, of Melbourne,’^ found hydrogen peroxide of 
value in a ease in which the seizures had already developed. The power- 
ful oxidizing properties of this agent render it invahiahle in this con- 
nection. The local use of iwwdered antitoxin is considered by Letiille” 
a positive preventive. Calmette and also McFarland” observed that 
though not absorbed from the skin or mucous membranes, antitetanic 
serum, even when dried, was promptly absorl)ed by denuded surfaces, 
wounds, etc., and conferred immunity on animals. Cauterization of 
the wound should be avoided; the eschars tend to close it, and thus to 
provide the tetanus bacillus the environment it requires to pullulate, 
i.e., one deprived of oxygen. 

Agents WiiTCPt Increvvse tttk Bactericidal and Anti- 
toxic Properties of the Blood. — The marked prophylactic 
value of antitetanic serum is due to the fact that it increases the 
relative proportion of auto-antitoxin, from which, as I have 
shown, it docs not differ in general composition. Its action is 
the same on the bacteria, their spores and their toxins. As 
soon as the wound is dressed, therefore, at least 10 c.c. 
( 2 V 2 drachms) of American serum should be injected into a 
vein. An equal quantity should then be injected each day. 
When the injury is extensive, or if considerable laceration of tis- 
sue have occurred, the dose should be larger. 

The now established value of antitetanic serum as a prophylactic 
sustains the remarkable results obtained by Nocard who administered 
two injections of antitetanic serum to each of 2707 horses, after such 
operations as castration and docking, and to 2300 and then again to 400, 

J. Alison Hawkes: Brit. Med. Jour., Apr. 18, 1896. 

7*Letulle: Presso in£d., vol. xl. p. 45.3, 1904. 

McFarland: Jour. Amcr. Med. Assoc., July 4. 1908. 
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one to four days after accidental wounds and injuries. One only had 
a slight attack of tetanus^ from which it soon recovered. The district 
was one in which tetanus was very rife, and in the same period 259 other 
horses, many of them from the same stables as those that he thus 
immunized, died from this cause. 

As thyroid yland, as shown below, promptly arrests the 
tetanus that follows removal of the thyroid, and this form being 
similar to the typical tetanus, it is indicated in the latter, in 
5-grain (0.3 gm.) doses three times daily in adults, as a prophy- 
lactic.* It stimulates powerfully the adrenal center and there- 
fore increases correspondingly the proportion of adrenoxidasc 
in the blood.* But it is only as a prophylactic that it can be 
given in full doses. 

All agents which stimulate the adrenal center, though in- 
ferior to thyroid extract, are capable of augmenting the anti- 
toxic properties of the blood and cannot, therefore, but be of 
value as prophylactics.* The iodides produce effects similar 
to those of thyroid extract, but less rapidly ; at least 10 grains 
(0.64 gm.) should be given three times daily to adults, to evoke 
rapidly its physiological effects.* Biniodide of mercury, 
grain (0.016 gm.), three times daily, closely wa tolled to avoid 
salivation, also powerfully stimulates the adrenal center.* 
Other argents of the same class, refc^rred to below, arc also en- 
dowed with properties which render them suitable as prophy- 
lactic agents. 

Treatment of Developed Tetanus. — Once the disease has 
reached the last stage, t.c., that attended with spasm,* anti- 
tetanic scrum, wc have seen, does not influence favorably its 
lethal tendency. The main reason for this is that the amount 
introduced in the blood, even in the largest doses, is often inade- 
quate to compensate for the deficiency of adrenoxidasc and, 
therefore, of auto-antitoxin, which the depressed condition of 
the adrenal center entails.* The spurts of activity of which 
this center is the seat* are sometimes sufficiently violent, even 
under these conditions, to overcome the toxiemia, but the mor- 
tality ratio shows that in the great majority of cases this re- 
sult is not attained. The aim, therefore, should bo to supple- 
ment the action of the antitctanic serum by that of auto-anti- 
toxin; this may be done by the simultaneous use of thyroid 
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gland in full doses, adjusted, as stated below, to the needs of 
the auto-protective process.* It is capable alone, in fact, of 
arresting tetanic convulsions. 

The tetany that follows thyroidectomy often assumes the character 
of true tetanus. Even when the disease is well advanced, the spasms may 
be promptly arrested with thyroid extract, as shown by Vassahv* and 
Oley"® and many other investigators since, as is w(*ll known. This 
applies likewise to the active organic principle of the thyroitl, iodothyriii. 
Thus, Hofmcister” found that iodothyrin cuts short tlie symptx>iiis that 
follow removal of the thyroid, including the convulsions, ilaumann and 
doldmann'^" showed, moreover, that thyroidectoinized dt>gs do not sull’er 
from tetanic convulsions so long as adequate doses of iodothyrin are 
administered, and that they recur when the iodothyrin is withdrawn. 

The iuii-oductioii of the anliletanic serum into the nerves, 
the spinal cord or the brain, tends to induce shock and further 
to depress the adrenal center; and as, on the whole, such severe 
procedures have not lowered the general mortality of tetanus, 
they are not recommended.* Conversely, as the antitetanic 
serum, on entering the blood-plasma, circulates with the latter in 
the axis-cylinders, its intravenous use insures its penetration to 
all the irritable nerve-elements, central and periplu'ral, with far 
more certainty than do the abovcMuentioned procedures, which 
tend to localize its action.* Xot h‘ss than 10 c.c. {V/,, 
drachms) of the serum should be injected at a time, preferably 
into the median basilic vein; and, in order to sustain its ac- 
tion, this dose should be repeated every three hours. If the 
temperature is but little above normal, which indieahis that the 
auto-protective processes are inadequate,* larger doses should be 
given. 

Loeper and Oppenbeim,™ in a study of 208* cases, including 5 of 
their own, 59 of which wen? treated by the intracerebral method and 
144 by intravenous or liypodermic injections, found the mortality greater 
in the former, even in cases of equal severity; they eon(4uded moreover, 
that the intracerebral injections were not devoid of danger. CJibb"" 
reported a (!ase in wliicli it caused a fatal ct^rebral abscess. Meyer and 
Ransom regard intraspinal injections as of no greater value than the 
intravenous or hypodermic method, while the anatomical relations are 
such, as show'n by Brown ing,"*- that there is but little absorption by the 
spinal cord proper from the subarachnoid space. On the otlier hand, in 
the intravenous method, the scrum is first tiiken to the heart, and in 
less than 30 seconds is distributed everywhere. Very large doses may 

• Author' a conrluaton. 
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safely be injected in this manner (avoiding the introduction of air) ; 
Kocher,”^ for instance, injects 50 c.c. (13^ drachms) at a time in the 
median basilic vein. Doubtless many cases arc lost because too little 
serum is supplied to the blood to enable it to cope with the disease. Kit- 
ing" injected 350 e.c. (nearly 13 ounces) in 24 hours in a case which 
terminated favorably, llosa Kngelmann^^ holds that the ineffectiveness 
reported is due to iiisufTicient doses. As my analysis of its composition 
shows, it is quite harmless, notwithstanding its marked antitoxic power. 

The supplemental use of thyroid gland is indicated when, 
notwithstanding the intravenous injection of large doses of 
serum, the temperature remains comparatively low. A dose 
varying from 5 to 10 grains (0.3 to O.Gl gm.) — the lower the 
temperature the larger the dose — may be given every three 
hours at first.* After a couple of doses, the temperature should 
begin to rise.* In this event, the effects should be carefully 
watched, since the increased metabolic activity engendered by 
the thyroid may, we have seen, increase the number of con- 
vulsions, when either of the measures indicated below to con- 
trol the latter should be resorted to. Should the temperature 
not rise, the thyroid gland should be given steadily, the dose and 
its continuance being regulated according to the clfect produced.* 
If antitoxin cannot be obtained, thyroid gland is capable of 
replacing it by administering large doses at short intervals.* 

Experiments have shown, as is well known, that when injected 
soon after infection with many times the lethal dose, antitoxin will 
.save the poisoned animal. As the time elapsed since infection increases, 
liowever, larger doses are required to <lo so, until a time is reached when 
antitoxin will lose its effect entirely. It is in such cases that the tem- 
perature will not rise.* Thus Hollers" used large doses in four cases 
within 30 hours after the first symptoms of tetanus had appeared; yet 
all died. He specifies, however, that all were free from fever. Con- 
versely, Anders and Morgan, in the statistical paper already referred 
to, write: “Hyperpyrexia was noted in two cases of our series; this is 
supposed to be an ominous sign, but botli instances ended in recovery.” 
In a case reported by Leyden" the temperature, 105.8° F. (41°C.), fell 
st)on after giving antitoxin, and the ease steadily improved. It is pre- 
cisely this curative process that thyroid extract evokes in experimental 
animals. Thus, as emphasized by Hutchinson” and others, all the sys- 
temic oxidation processes are increased by the use of thyroid extractives. 
Magnus I^evy" and Scholz" found that they increased the consumption of 
oxygen and the proportion of carbonic acid excreted. Waste-products of 
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metabolism being, as we have seen, the direct irritant of the central 
nbrve-cells, and the cause of the convulsions, they are evidently destroyed 
— along with the tetanus bacillus and their toxin — since Mendel, Roos, 
Napier, Ord Voit“ and other physiological chemists liave noted that thy- 
roid extract increased the excretion of end-products of metabolism. 
Diuresis is likewise increased. 

The diet is an important feature of the treatment. Meats 
should be withdrawn as a prophylactic measure after injuries 
involving the possibility of tetanus, and a milk diet should be 
insisted upon in developed cases.* hjxperimental physiology 
suggests also that total abstention from animal food, feeding the 
patient solely on cereals and other vegetable foods, is even bet- 
ter than the milk diet.* 

Briesacher" observed that dogs fed on milk l)ore thyroidectomy 
better than those given meat, and that their convulsions were fewer. 
Munk, Allara,*” Ewald and others found that thyroidectomy was not fol- 
lowed by morbid results in herbivora. So great is the morbid inliucnco 
of animal food in this connection that it almost imposes itself as the 
sole cause of the convulsions. 

The viscidity of the blood being increased, especially dur- 
ing the convulsions, saline solution is indicated as it is in other 
febrile processes.* It may be used as a beverage or injected 
intravenously, subcutaneously or rectal ly, and in large (juan- 
tities. By promoting osmosis and diuresis, it facilitates greatly 
the elimination of the blood-poisons, lilood-letting or brisk 
saline purgation has been found of value as a preliminary to 
the use of saline solution. 

We have seen that tlie febrile process tends to reduce the osmotic 
property of the blood, i.c., to increase its viscidity. Chittenden"® states 
that “if the blood is taken for examination during a convulsive seizure,” 
referring to the tetanus of experimental thyroidectomy, “it is thickerf 
contains more solid matter as well as iron and haemoglobin.” Since, as 
I have shown, adrenoxidase is the albuminous portion of the hietnoglobin 
molecule, the increase of the latter is accounted for; but the fact 
remains that its viscidity is increased. Hence, the marked benefit 
obtained through injections of saline solution by many clinicians. A 
most convincing test of the value of saline solution is given by the 
experiments reported by Mathews.®* “Rabbits were injected with fatal 
doses of tetanus toxin, and 48 to 60 hours after the injection, when the 
symptoms of the disease were just appearing, saline infusion was given. 
In nearly all cases, if taken early, the animals survived, while the con- 
trol animals died. In well-advanced cases the saline infusion was found 
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to be useless.” As observed clinically by McOscar,** “free diuresis fol- 
lowed the use of saline,” which means a free elimination of toxics, since, 
as shown by Laulani(!V’" Cl ley"' and others, the blood of tetanic animals 
is more toxic than that of normal ones. Free preliminary blood-letting 
has been found beneficial by many, owing doubtless to the elimination of 
toxic wastes and the greater dilution of those remaining in the blood 
when the saline solution is introduced. 

The carbolic acid method recommended by Baccelli has 
given belter results in developed tetanus than antitetanic scrum. 
It is a mistake to believe, however, that “heroic” doses of car- 
bolic acid can be administered with impunity. Such doses tend 
to depress the adrenal center precisely as does the tetanus toxin, 
probably because some of it becomes converted into oxalic acid 
by the ad l•en oxidase in the blood. Sudden progressive weakness 
and convulsions, which are also spinal in man, suggest an un- 
favorable change in the disease, wdicreas, in truth, the case has 
been transformed into one of carbolic acid j)oisoiiing.* The 
best results have been obtained by using a 2 to 3 per cent, solu- 
tion, divid(Ml in small doses injected hypodermically every two 
or three hours, so as to give from 3 to 7 grains (0.2 to 0.5 gm.) 
in the twemty-four hours. Simh doses stimulate the adrenal 
center actively.* 

Italian ])hy8i(;ians have obtained Iwlter results than those of other 
eouiitries. In 75 eases colleeted by H. Syiiiiners"'* from the literature of 
various eountries, inc^liuling .'la eases treated by Aseoli,"" the mortality 
was but 22.(Ui per cent. I'he 21 acute cases of the whole series, t.c., 
those ill which the incubation was within ten days, and which usually 
prove the most fatiil, gave a mortality of only 0.5 per cent. It requires 
large doses to paralyze the adrenal center, but not in all cases. In a 
child Ebhardt"” observed intense, though non-fatiil symptoms of poison- 
ing, though but 5 grains (0.18 gm.) were being given in the twenty- 
four hours. Sometimes carbolic acid proved curative where antitetanic 
serum had failed, as shown by the cases of Laplace,'-®' Wagoner'®* and 
others. Deplano,'"® Mastri’®* and Fabrique'®® recorded seven successful 
cases in which carbolic acid alone was used. 

Other agents have been used more or less successfully, in 
lieu of tliose revimved above. Those that have given satisfac- 
tory results in the few cases in which they were tried have 
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been the iodides, but only in veterinary medicine, which stimu- 
late the adrenal center;* and creosote, 20 minims (1.3 gm.) 
dissolved in 1 drachm (1 gm.) of olivc-oil given subcutaneously, 
twice daily, which fulfills the role of carbolic acid. Various 
preparations of mercury, including calomel, have also been found 
effective, especially when the patient was rapidly mercurialized 
and kept so under small doses; this metal is next to iodine in 
stimulating the adrenal center.* 

Creosote, used in the manner indicated, turned tlie tide in a ease 
which was steadily sinking under tlie serum followed by carbolic; acid 
injections, treated by IJigginson.*““ “Mc;rcury,” administered to the 
extent mentioned and in conjunction with chloral, is credited with the 
recovery of three cases treated by Lentaigne."’’ Stoker““ obtained a 
simihir result. These cases are too few to warrant a conclusion, but, 
in the light of my views, they indicate that the measures merit further 
trial. 

Druos Witictt Control Spasm by Depressing ttte Vas- 
cular Centeus. — Tlu) convulsions, though tlie expression in 
in part of a protective |)rocess, arc dangerous, btH^ause the aug- 
mentation of auto-aiititoxiii — which differs in no way from that 
produced in other fevers — (ioincidcs with excessive irritability 
of nerve-centers which cliaraeterizes the disease.* The aim, 
therefore, should be to reduce this irritability, but without 
diminishing the efiicacy of the remedies which directly or indi- 
rectly destroy the pathogenic toxin and toxic wastes.* As these 
provoke their harmful effects by irritating mainly the vasomotor 
and sympathetic centers, drugs which tend to depress or anais- 
thetize, as it were, these centers, are indi(;ated.* We have in 
chloral hydrate, the bromides and veratrum viride precisely 
such drugs. TTsed indiseriininatcly, however, they may do more 
harm than good. Thus, many convulsions may coincide with a 
low temperature; the febrile process being inadequate, the 
blood-poisons steadily increase and the central irritability like- 
wise — the cause of the repeated spasms.* The adrenal center’s 
spurts of activity are obviously for the time being, at least, in- 
adequate to stem the tide. Chloral, or either of the above- 
named agents, by depressing the activity of the vascular centers, 
will cause relaxation of all the arteries of the body and pro- 
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duce, therefore, an accumulation of blood in the greater vessels, 
at the expense of the capillaries.* As it is in the hepatic and 
cutaneous capillary systems that the antitoxic process is mainly 
carried on, chloral thus facilitates the accumulation of toxins 
and toxic wastes and compromises the issue.* 

It is evident, therefore, that vasodilator remedies, i.e., 
chloral, tlie bromides or veratrum viride, should not be given 
when the temperature is low, and that the aim should be to 
hasten the destruction of toxins and toxic wastes by rapidly 
increasing the dose of serum, thyroid extract or other remedies 
to that effect.* To antagonize the spasms, amyl nitrite may be 
used, the inhalation of a few drops just as the spasm is coming 
on rarely failing to arrest it; its action being ephemeral, it does 
not antagonize the antitoxic process to any extent.* 

The physiological effects of tA.e bromides and chloral clearly point 
to the recession of blood from the periphery, and the consequent cutane- 
ous hypothermia. “On mammals,” says IT. C. Wood, “the bromide acts 
very much as on frogs, inducing progressive paralysis, depression of tem- 
perature, and death by asphyxia when given in small poisonous doses.” 
Of chloral, he says: “A most remarkable action of chloral is on the 
temperature; in this point all observers are in accord with Richardson, 

of London, who has seen the temperature fall 6° F. in a rabbit 

Hummerstein has found that the fall of temperature is very rapid, 6® C. 
in an hour, and that it occtirs in animals well wrapped up and laid in 
u warm place.” Fortescue-Brickdale,"*“ referring to OrO’s treatment of 
tetanus by very large doses of ehloral given hypodermically, states that 
“in all al^ut 30 to 40 cases are on record, but the dangers of tbe method 
were eventually found far to outweigh its usefulness.” Why should 
such doses not master the disease if all that is necessary is to prevent 
spasm? The mode of death in cases thus treated answers the question. 
“Abba's patient,” for instance, “became cyanosed after one injection of 
lu gm. (150 grains), and after consciousness was restored died in 
tetanic spasms.” During this peaceful sleep toxins and toxics had 
accumulated to such a degree that he only awoke to die. 

Chloral may be used to advantage, on the other hand, when 
the temperature is high, to offset the excess of vasoconstriction 
which crowds the blood to the periphery and into the spinal cells 
as well.* The dose should he regulated, therefore, not with the 
view to mat(?rially reduce tlie temperature, which indicates the 
presence in the capillaries of an abundance of auto-antitoxin, 
but to overcome the enormous and artificial vascular tension 
which exposes the pationt^s life, especially during the seizures.* 
Important in this connection, however, is the fact that the vas- 
cular centers, owing to extreme irritability, do not yield to the 
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influence of ordinary doses; 20 grains (1.3 gm.) every four 
hours are usually required to produce any effect in an 
adult. If such or larger doses do not lower the temperature 
materially, although they reduce the number of seizures, they 
may be regarded as beneficial without interfering with the cura- 
tive process.* 

The resistance of the vascular centers, when hyperirritable, to the 
benumbing efTects of chloral is illustrated by Mabeiiy’s"*’ successful case, 
in w^uch 20 grains (1.3 gm.) every three hours proved futile. On 
increasing the dose to (10 grains (4 gm.), however, the spasms were con- 
trolled without reducing Oie temperature, thus showing that the enor- 
mous vascular t<msion alone had been mastered. That (chloral can reduce 
the temperature in tetanus may be illustrated by Llewellyn’s”** case, in 
a boy aged 11 years, in which 20 grains (1.3 gm.) every four hours 
brought the temperature from 103® F. (30.5® C.) to below 101® F. 
(38.6® C.), “the pulse occasionally dropping to nearly 80.” 

The same principles govern the use of the hromides, but as 
these salts, when given in large dos(‘s, also d(‘press tlie adrenal 
center,* they should be used only when chloral loses its effect. 
The best results are obtained by combining the potassium, 
ammonium and sodium salts, the latter forming one-half of the 
dose. Veratrum viride is endowed with properties similar to 
those of chloral hydrate and does not depress the adrenal cen- 
ter. Large doses are also required. In prescribing this remedy, 
the fact that the tincture as now prepared (1905 U. S. P.) is 
four times weaker than formerly should not be overlooked. 
Curare has been recommended by some observers and con- 
demned by others — owing, doubtless, to the very unreliable 
preparations available in the average shop. This applies like- 
wise to physoMgma, calabar bean. 

In the case of a boy of 11 yciirs, Grinuoll*'® found hourly doses of 
the older tincture inelTectual with similar doses of the iluid extract of 
gelscmium. Tt was only when three drops of each, r.c., 12 drops of the 
new U. S. P. tincture of veratrum, were given hourly that the spasms 
were controlled, the case ending favorably. 

Drugs Which Control Spasm by Causing Constriction 
OF THE Peripheral Arterioles. — T\\q drugs are useful in that 
they increase the effects of those just reviewed. When, for in- 
stance, chloral has depressed the vasomotor centers sufficiently 
to cause recession of the peripheral blood, morphine given hypo- 
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dcrinically in ordinary doses will stimulate the sympathetic cen- 
ter sufficiently to arrest the propulsive activity of the arterioles, 
and, by thus reducing the caliber, limit still further the quan- 
tity of blood admitted into the capillaries. When, therefore, 
chloral is beginning to lose its effect an occasional injection of 
morphine may be used advantageously to sustain it. Antipyrin 
and acqtanilid act in the same way. 

It would appear aa if the central erethism would render small 
doses of morphine udecpiate to ^stimulate the sympathetic center; but 
such is not the case. Trousseau and Pidoux”® many years ago held that 
large doses were alone effective. This is readily accounted for, however, 
when the marked vascular tension present in tetanus is taken into 
account. Unless violently Ktimiilated, the arterioles cannot contract 
upon the tense arterial column. Ueiice the advice I submit, to give it 
in ordinary doses, but only after the arterial tension has been already 
reduced. 


EPIT.KPSY. 

Synonyms. — Falling Sickness, Falling Evil, Falling Fils, 
Morbus Sacer, Morbus Caducus, 

Definition. — Epilepsy, a chronic disease characterized by 
periodical convulsions accompanied usually by unconsciousness, 
is due to inherited or acquired hypoactivity of the adrenal sys- 
tem and to the resulting accumulation of toAic wastes in the 
blood. As this entails a marked rise of vascular tension, an 
excess of blood is driven into all capillaries, including those of 
the spinal system and cortex. Both the latter being thus ren- 
dered hyperexci table, a fit occurs when this hyperexcitabiliiy is 
suddenly increased by the appearance in the blood of an excess 
of auto-antitoxin, the result, in turn, of a sudden resumption 
of defensive activity by the adrenal system when the blood be- 
comes sufficiently toxic to enforce it. '^^rhe fit lasts until the 
toxic wastes are converted more or less efficiently into harmless 
and eliminable end-products.* 

Symptoms and Pathology. — Three types are recognized : 
minor epilepsy, or petit mal; major epilepsy, or haut mal, or 
grand mal; and Jacksonian epilepsy. 

In minor epilepsy there may be a brief loss of consciousness, 
and perhaps slight clonic spasms of the face and limbs, but only 
entailing, as a rule, a temporary cessation of the conversa- 
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tion or occupation in which the patient may be engaged. He 
suddenly becomes pale, his face assumes a blank expression, but 
after a few seeonds he recovers and resumes the sentence or act 
he had begun before the spell. Occasiona.ly the patient falls 
into coma which is usually attended with stertorous breathing 
suggesting apoplexy. In minor epilepsy clonic convulsions are 
never witnessed. 

An attack of major epilepsy is sometimes preceded by ring- 
ing in the ears, tingling, general malaise, epigastric uneasiness, 
etc., but a common prodrome is the aura, which occurs in about 
one-half of the cases. This msiy consist of sensory phenomena, 
Le., pain, sensations of heat or cold, or of a breeze striking an 
extremity and traveling upward towards the body; or of aural, 
visual, olfactory or gustatory halliuinations, such as roaring 
sounds. Hashes of light, unpleasant odors, etc. Or again, the 
aura may manifest itself by motor phenomena, a marked tremor 
or an irresistible tendency to use the jnuscles, to gesticulate or 
to run, the so-called ‘^procursive'^ epilepsy. Finally, it may be 
attended by physical phenomena; sudden terrors, mental exuber- 
ance or hallucinations as to the presence of strangers, or bear- 
ing upon long-past events, etc. 'rho aura may be very short, 
a few seconds, or endure sulTiciently long to enable the patient 
to protect himself against the oncoming convulsion, by sitting 
or lying down. In rare instances it lasts thirty minutes or 
more. 

All these phenomena clearly betoken erethism, i,e., undue 
stimulation of the motor or sensory organs involved. The aura 
is, in fact, the beginning of the convulsive paroxysm. 

Spratling"* states that “there is a growing tendeney for some years 
pfist to regard the aura as essentially coiisti luting a part of tlie epiie])tic 
fit,” and considers it as such himself, advising, moreover, that such 
cases be treated accordingly. This conclusion was based on a study of 
1326 cases at the Craig Colony. Of these 45 per cent, had auras. 

When the fit begins the patient usually utters a loud cry, 
due to sudden contraction of the musehis of the chest and larynx. 
Three symptoms occur simultaneously at this time, i.e., the 
^‘epileptic cry,” unconsciousness and fall — the patient dropping 
like a log. A ionic spasm of all the flexors follows: the legs 
being extended, the fingers, hand, forearm flexed, the head 
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thrown back and turned to one side; the eyes also turn up or 
aside. This rigid state of all the muscles lasts usually but a 
few seconds. 

The transition from the state of rigidity to that of clonic 
spasm is usually marked by a momentary tremor. When the 
true fit begins the extremities are thrown about violently, suffi- 
ciently so at times to produce dislocations. The head is tossed 
from side to side, the eyes roll in their orbits, the lids open and 
close rapidly and the tongue is protruded and withdrawn, pro- 
vided it is not caught between the teeth by the jaws, whose mus- 
cles are likewise contracted with violence — causing disfiguring 
distortions. The bitten tongue often causes the saliva, itself 
converted into foam by the churning to wliich it is submitted, 
to become streaked with blood, and the patient is said to ^Troth 
at the mouth.” The urine and faeces are sonietimes involun- 
tarily voided, owing to contractions of the intestinal walls. The 
pallor of the clonic stage has now disappeared and becomes re- 
placed by a dusky, cyanotic hue, the features being swollen, and 
usually, as is the case with the rest of the body, covered with 
sweat. 

This paroxysm only lasts, as a rule, a couple of minutes. 
The violence of the contractions becomes gradually less, and the 
patient lapses into a comatose state attended by stertorous breath- 
ing. Finally he falls into a deep sleep. On waking, some lassi- 
tude and muscular pain may be complained of, but on the whole, 
the patient, recollecting nothing of the paroxysm, seems hardly 
to have suffered from the experience. Occasionally the full re- 
turn to consciousness is preceded by ^^postepilcptic states,” dur- 
ing which the patient may perform automatic acts, undressing, 
etc., such as those ascribed to somnambulism. He may also 
become suddenly maniacal and violent, sufficiently so at times 
to commit murder. Marked weakness, paresis, tremor, aphasia 
and kindred nervous phenomena may also be witnessed, but 
these rarely last more than a few hours. 

These attacks occur with more or less frequency. Prom the 
practically continuous paroxysms, lasting hours and even days, 
constituting the status epilcpticus, during which the patient may 
die of exhaustion, to the rare instances in which years elapse 
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between the fits, there are gradations innumerable. Jii the ma- 
jority of cases, however, they occur at intervals of a few days. 

A Jacksonian paroxysm is often preceded by an aura, which 
may be motor, such as tremor or rapid contractions of the toe, 
thumb, etc., first affeeted, or sensory, tingling, parajsthesia, etc. 
Tlie special senses may also be the source of phenomena such 
as those witnessed in the aura of major epilepsy, ^riie tonic 
phase of the latter form is also present, but to a very limited 
degree, and may not occur at all. 

While the spasm may be restricted to a limited number of 
muscles corresponding with a given cortical h'sion,- the irrita- 
tion of the latter often spreads to contiguous motor areas, so 
that several groups of muscles may he involved. It may thus 
creep up the arm to the shoulder and face, and involve the whoUi 
side of the body; or up the leg, the body, and face; or, again, 
begin at the face and proceed downward. Finally, it may be- 
come general, when a typical attack of major epilepsy occurs. 
While this gradual progression occurs, the patient nmiains con- 
scious and it is only when certain regions, including the face, 
are involved, that consciousness is lost. After the paroxysm, 
which lasts but three to five minutes, the region affected may 
be numb and ])aralyzed and remain so from a few hours to sev- 
eral days. After a time this may become permanent. 

Etiology and Pathogenesis. — The Ionic spasm is produced 
in the same manner as the corresponding though more severe 
spasm of tetanus* (7.V.). Instead of terminating as such, how- 
ever, it soon lapses into the ty])ical epileptic paroxysm, the 
clonic fit. 

The impulses which cause dome convulsions arc primarily 
derived from the cerebral cortex, the spinal system being used 
as the mechanical intermediary for their production, and arc of 
the nature of voluntary impulses to the spinal system.* 

A striking fwitnre of tliia stage is the similarity of the movements 
to those carried on voluntarily. Thus, to turn the eyes from one direc- 
tion to the other, to throw the liead backward, to bend and unbend the 
arm at the elbow, are all, at other tim«‘s, voluntary movements. The per- 
formances during the postepileptic states, which M. Allen Starr termed 
“psychical equivalents,” also point to the source of the impulses that 
evoke the movements, namely, the cortex. As I have pointed out else- 
where, the latter does this onh/ by exciting the appropriate cells in the 
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spinal system, the sole source of motor impulses. Indeed, Prus'** has 
shown that excitation of the cortex caused typical convulsions even after 
division of the pyramidal tracts, the impulses passing by way of the teg- 
mentum and pons^ — a conclusion confirmed experimentally by Bischoff,"^ 
Herin^“ and others, l^ng before, in fact, Magnan'^ had caused epilep- 
tic seizures in animals deprived of their hemispheres, while Vulpian'*® 
had been led to conclude by a series of experiments that the center for 
epileptic convulsions was located at the base of the brain. It is evident, 
therefore, that the basal structures can provoke clonic as well as tonic 
spasms. 

The persistence of clonic convulsions after division of the pyramidal 
tracts simply shows that these represent but a portion of the link-sys- 
tem between the brain and the spinal cord, and that impulses from the 
cortex can excite the upp<ir extension of the cord in the third ventricle. 
Where they reach the basal cells is suggested by one of Bischolf's con- 
clusions, namely, that “after destruction of the optic thalamus, the hypo- 
thalamic region and the pyramidal path on one side, faradic irritation 
of the homolateral motor cortex remains without effect.’* As we have 
seen, it is in the hypothalamic region that the cortical paths meet those 
from the pituitary body, which pass downward and finally reach the 
cord. Tn the normal animal, including man, of course, the entire spinal 
gray matter receives spasmogenic impulses from the cerebrum. 

The clonic convulsions are the result of a temporary and 
intense hyperaemia of the cerebral cortex, due in turn to gen- 
eral vasoconstriction.* The cortex being a sensory organ, this 
marked congestion — during which the spc'ed of the blood-streams 
is greatly increased — provokes a storm of impulses to the spinal 
system — itself hyperajinic and oversensitive — ^^vhich the spinal 
motor cells convert into motor impulses and transmit to the 
muscles (which are also hypenemic and overexci table), thus 
inciting the clonic lit* 

The neuroglia being •plasma capillaries,* they bear the 
brunt, of the excessive blood-pressure to which the nervous ele- 
ments are submitted,* and if the disease is not treated early, 
more or less extensive gliosis occurs and the chances of recovery 
are correspondingly reduced. 

As I have pointed out,*“ the neuroglia fibers and cells ariT channels 
for blood-plasma containing adrenoxidase granules. TMeree Clark and 
Prout*^ recently wrote: “The neuroglia hyperplasia in epilepsy is now 
almost constantly found. With improved methods and technique it will 
probably be demonstrated in every case of considerable duration.” 
C^aslin,*** who first i)ointed out this condition, ascribed it to a constitu- 
tional vice of development, but the identity of neuroglia fibers as capil- 
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laries alone accounts logically for it. Many investigators, FCr6, Kop- 
pen, Ilohne, Bratz, Anglade'^^ and others, have confirmed Chaslin’s obser- 
vation. Victor Horsley has'^ emphasized the importance of congestion 
of the cortical mantle in the production of fits. F^rC and Clmslin, Fierce 
Clark and others found diffuse gliosis in cases of long standing. Ito''-^ 
produced typical fits in guinea-pigs by causing traumatic hypenemia of 
the cortex. 

The participation of the vasomotor system, as shown by the gen- 
eral vasoconstriction, is as clear. Spitzka, in 1881, attributed the fit to 
the “explosive activity of an unduly irritable vasomotor center,” and 
epilepsy is now commonly referred to as a “functional vasomotor dis- 
ease.” A continuous rise of pressure during the lit was noted by 
Francois- Franck and Pitres. Th.i speed of the blood-stream is greatly 
increased at this time — three to five times in the musculnr vessels, 
according to HilP^ — ^an imlex of the violence of the cortical circulation. 
Kven the skin shows evidence of this sometimes by minute capillary 
1 Hemorrhages, as observed by Aldrich'*® and otliers. Weber,'*® moreover, 
found vascular lesions and extravasations in tiie (;ortex and medulla of 
cases of status cpilepticiis, so great had been tlie capillary pressure — 
the identical pressure which projects the blood-plasma into the neuroglia 
fibers.* 

Chaslin always found the hypctplasia most advanced in the auper- 
ficial layer of the cortex, though it involved the subjacent strata. Blocq 
and MaVinesco^^** found as the most constant lesion in the psycho-motor 
zone of nine cases, vascular alterations and hyperplasia of the neuroglia, 
associated with punctiform h®morrliages in other parts of the nervous 
system in every instance. The cortex being rej^rded as a sensory 
organ, its uppermost layer thus becomes the most active in the pro- 
duction of the convulsions. Indeed, Prus'*® found that even electrical 
excitation of the cortex could not provoke fits after the application of 
a cocaine solution had anesthetized its surface, thus identifying the 
cerebral gray matter as the source of the spasmogenic impulses. 

^riie excessive vasoconstriction and rise of blood-pressure 
which gives rise to this cortical hypenemia, is due to irrita- 
tion of the vasomotor and sympathetic ccntc?rs by toxic waste- 
products.* Epileptic convulsions differ from convulsions pro- 
duced by many exogenous poisons (strychnine, for instance) in 
that they arc due to poisons formed in the body.* 

“Certain drugs, notably absinthe,” writes Schilfer,'“ “produce, when 
injected into the vascular system, convulsive attacks which are scarcely 
distinguishable from the epileptic fits provoked by stimulation of the 
cortex cerebri.” That all such drugs provoke a marked rise of the blood- 
pressure may be shown by comparison with a few of the many other 
spasmogenic agents. Thus, while absinthe was found to cause intense 
congestion of all organs examined by Pauly and Bonne, Wood‘“ states 
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that “the full doHi*. of strychnine produces a rise of the arterial pressure 
which is enormously increased during the convulsion.” He also refers**® 
to the observation of Hczold and Bloebauin, “that wlien a small dose of 
atropine is injected into the carotid artery — that is, near the vasomotor 
centers — he adds, “there is an instantaneous rise of blood- pressure” — 
“a great rise,” as he afterwards says. Cocaine, as shown by Von Anrep, 
causes “convulsive movements of cerebral origin,” which “are arrested 
by section of the spinal cord;” Wood also says: “Certainly the evidence 
is overwhelming that cocaine directly increases the blood- pressure.” The 
fits are pre(?isely tliose of epilepsy; the syndrome is known as “cocaine 
epilepsy.” Alcohol cun likewise produce both minor and major epilepsy. 
\Voo<l and Hoyt'” (concluded, after a recent experimental study, that the 
excitement it caused was due to the “enormously increased flow of blood 
running ri«>t through the cerebrum.” 

L. Pierce (-lark,"*® after a study of 150,000 seizures, we have seen, 
concluded that “we must see the principle of pathogimesis in an initial 
toxin or autointoxication,” i.c., “an accumulation of wast(»-products.” 
Van Gicson'*" and other authorities have also noted greater frequency 
of fits during gastro-intestinal disturlainces and constipation, the blood 
at the time being especially toxic. This view, which has a large number 
of supporters, is sustained by the beneficial eifeet of appropriate dietetic 
measures. Tlie relation between epilepsy and otlier disorders attributi^d 
to toxic wastes points in the same direction. Spiller,'^® Bernhardt*** and 
others have laid stress on its relationship with migraine, Trowbridge'*“ 
with chorea, <?tc. 

When the antitoxic powers of the blood are taken into account, 
however, it becomes evident that only very toxic fluids derived from 
epileptics will prove pathogenic in exjjeriniental animals. Herter,*-** for 
instance, obtained results in rabbits differing but little, if at all, from 
those produced by normal blood, with dcfibrinatctl blood taken from 
epileptics, but when he used blood-serum of exceptional toxicity obtained 
from an epileptic with prolonged headaches, habitually an overfeeder at 
meals and with vongested face and ctnijuncHvw, 10 c.c. (2'/g drachms) 
Hufliced to kill rabbits in 45 minutes, aftcT the animals had had tonic 
and clonic spasms and become somewhat cyanotic. Krainsky'** produced 
characteristic seizures in rabbits in two and three minutes, and several 
recurrences, with blood-serum obtained by cupping from a case in status 
epilcpticus. Savary Pearce and Boston**® found that several injections 
of blood from an epileptic into rabbits caused an enormous leucocytosis, 
reaching in one instance 102,800 per cm. — a proof that the adrenal sys- 
tem was violently stimulated. 

The toxic substances which incite the convulsions are formed 
when the breaking down of the worn-out chromatin of tissue-cells, 
the tissue-proteid, etc., is not carried to a finish, i.e., when this 
process is not sufficiently active to lead up to the formation of 
benign, eliihinable substances — ^urea and uric acid, etc., the 
normal end-products.* Hut it is only when this {iccumulation 
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has reached a certain degree that epileptic seizures occur; thus, 
it may only be sudicient to give rise to the tonic spasm, i,c., 
minor epilepsy ; or it may exceed this limit and produce clonic 
convulsions, major epilepsy.* 

Such being the case, it is evident that the cause of the dis- 
ease is deficient activity of the process through whi(?h the worn- 
out living tissues are broken down. This process being carried 
out by trypsin, whose activity is governed by the lieat-cnergy 
it receives through the interaction of nuclein and adreiioxidase, 
it follows that insufficiency of either of these bodies underlies 
the morbid process. It cannot be the nuclein, since this is de- 
rived from the food. The production of tlie tissue-ferment — 
or rather of the proferment — by the pancreas being proportion- 
ate with the secreting activity of this organ, and tliis function 
in turn being governed by the iiroportion of adremoxidase in the 
blood, we are brought to inadet/ iiate activity of tit a adrannl sys^ 
tern a.s the primary cause of epilepsy 

This insulficiericy of the adrenal center is thus pathogenic 
‘n two ways: it entails (1) imperfect catabolism and the result- 
ing accumulation of toxic wastes in the blood; (3) inadccpiate 
conversion of these poisons in the b’ood and liver into eliniin- 
able products, ix., imperfect protection of the organism.* 

1'his does not mean, however, that the test-organ does not 
respond to the stimulating influence of the circru biting poisons: 
it only fails to do so adequately.* Accustomed to the [irescaice 
of tissue-wastes, and even to that of these particular poisons 
in the blood circulating through it, it responds only when tliese 
have accumulated in great quantities, and tlieii, liy a spurt of 
activity which soon recedes, relieves the l)lood of at least some 
of its spasmogenic toxics by increasing markedly the produc- 
tion of auto-antitoxin.* ' These exacerbations of activity coin- 
cide with the convulsions.* 

Briefly, the accumulation of toxic wastes in the blood vio- 
lently stimulates the three general centers of the hlood-vascular 
system, the sympathetic, vasomotor and adrenal centers, simul- 
taneously, and although the role of the adrenal center is a 
protective one, it is to this collective action that the convulsions 
arc due.* 


• Author'H conclusion. 
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Waste- products, We have seen, are thought by many observers to 
provoke epileptic seizures. The identity of the specific a^nt is not 
established, however. Haig incriminated uric acid, but his view has not 
been sustained. As previously stated, uric acid is a benign end-product. 
Krainsky^*^ attributed the fits to a diminution of the uric acid formed, 
the true spasmogenic substance being an intermediate product essential 
to the formation of uric acid, t.e., amnlbnium carbonate. It proved not 
only highly toxic, but it produced, w^hen injected in animals, typical 
epileptic seizures. Jnouye and Saiki^"*^ attribute them to a dextro-rota- 
tory lactic acid found increased in the blood after severe attacks, and 
which unites w'ith urea to form dialuric acid, tlien uric acid. Both these 
views are sustained by an exhaustive study of Ilerter and Smith,*-'** in 
which they found an excess of uric acid in the urine only after tlie con- 
vulsions. Teeter*^® also found that it contained a larger amount of urea 
than during the intervals, when it was very low. Uachford, in 1895, 
ascribed migraine, “migrainous” epilepsy and other periodical affections 
to paraxaiithin poisoning. The ])oiHonous ptomaine cholin, found by 
Mott and Halliburton in blood and cerebro-spinal fluid in cases of nerv- 
ous disease, lias also been considered as the spasmogenic agent by 
Donath,**® Coriat'** and others. When w'e consider that nervous, hepatic, 
muscular and other lietcrogeiicous tissues are all the seat of imperfect 
catabolism and other facts, however, it is probable that the convulsions 
are caused by several poisons acting more or less collectively.* Thus, 
Ohlmachcr**- found a persistent thymus in several cases; Murdoch*®* and 
others have cured cases that were clearly due to gastro-intestinal dis- 
orders, cte. 

The connection with the anterior pituitary body, as adrenal cen- 
ter, is suggested in various ways. We have seen that removal of the 
pituitary or of the adrenals provokes convulsions. Tjanglois’®* long ago 
showed that the adrenals, in some unexplained w^ay, “annihilated the 
toxic substances produced in tho course Of chemical exchanges.” lie 
concluded that “there was every reason to suppose, however, that it was 
through an oxidation process.” With adrenal secretion as the basis of 
oxidase, we have a clear index in the fact that while there are frequently 
abnormally low temperatures during health, as observed by Lemoine and 
others, a rise occurs during seizures which sometimes is very gr(*at. 
Charcot, Bourn(;ville and others have laid stress on this feature. Clark 
and Proiit’®® found that in status cpilepticus, the height of the curve 
corresponded with the severity of the attack, sometimes reaching 107° 
or 108® F. (41.(i® or 42.2° C.). This applies to ordinary cases as well; 
thus Benedikt'®*^ reported a case in which it sometimes rose to 109.4° F. 
(42.8° C.). If this is <*onnected W'ith an antitoxic process, an intercur- 
rent disease, by raising the functional activity of the test-organ (which 
fails to resiKuid promptly onlt/ to the physiological poisons to w’hich it 
has become habituated), should prove benellcial. Hippocrates, Van 
Swieten, Esqiiirol and other masters have laid stress on the favorable 
influence of various diseases on epilepsy. Recent writers, FerC, Voisin, 
Lannois, Lenoir*®^ and others have done likewise. Hesslcr'®* and Lan- 


• Author'fi conclusion. 

Kralnsky: hoc. vit. 

Inouye and Salkl: Hoppe-Scyler’s Zclt. f. physiol. Chemie, Bd. xxxvll, 
S. 203. 1903. 

Herter and Smith: N. Y. Med. Jour., Sept. 3, 1892. 

Teeter: Amer. Jour, of Insanity. Jan., 1895. 
i^Donath; Hoppe-Seyler's Zeit. f. physiol. Chemie, Bd. xxxix, S. 526, 1903. 
Coriat: Amer. Jour, of Physiol., Dec. 1, 1904. 

Ohlmacher: Amer. Jour, of Insanity, Apr., 1900. 

‘“Murdoch: Med. News, July 15, 1905. 

‘“Langlois: Rlchet’s “Diet, de Physiol./’ vol. 1, p. 145, 1895. 

Clark and Front: Med. Record, Nov. 24, 1900. 

Bencdlkt: Intern, kiln. Rundschau, Nu. 46, 1891. 

‘w Lenoir: Thftse de Paris, 1901. 

Hessler: Jour. Amer. Med. Assoc., May 14, 1898. 



EPILEPSY. 


1463 


nois^ have even used bacterial injections on this plea. Pierce Clark 
and Sharps*® have found, however, that a temporary improvement is all 
that is obtained by an intercurrent disease — which means, interpreted 
from my standpoint, that the adrenal system, whipped up for a while, 
soon lapses again into its lazy habits. 

The main predisposing causes of idiopatliic epilepsy arc such 
as tend to inhibit the functional efliciency of the anterior pitu- 
itary body’s test-organ.* The preponderance of this disease dur- 
ing youth is due mainly to one of two causes: (1) numerous 
diseases during childhood, which tend to debilitate tins organ 
by stimulating excessively ihc pituitary body and through it the 
adrenals during development; (2) inherited general debility 
through the presence in parents of diseases or habits, such as 
tuberculosis, syphilis, alcoholism, etc., which tend to impair to a 
marked extent the tcst-org«in’s sensibility.* Epilepsy may also 
follow typhoid fever, influenza and other diseases, owing to this 
morbid influence on this organ. 

Over twenty years ago 1>®‘ emphasized, after studying 40 cases, the 
predis[)Ositig importance of numerous cliildrcn’s diseases to hay-fever, 
a disease due also to the accumulation of toxic wasters in the blood. Out 
of 19 of these cases in which no heredity could be traced, 82 per cent, 
had had four children’s diseases, Avhilc many of these, t.c., 55 per cent, 
of the total, had had six. Bessic'^re,'^"* in a series of carefully analyzed 
eases of major epilepsy, could only ascribe one-sixth to hereditary 
influence, while in the other 152 cases infectious ’diseases and convub 
sions showed “an enormous preponderance in the antecedents.” .... 
“The infectious process,” says this observer, “leaves on the organism a 
profound impression, the nature of which is still to be determined.” 
Out of 2000 cases studied by M. Allen Starr,*®* 68 per cent, had epilepsy 
before twenty years of age, f.c., “during brain development.” Tin; neural 
portion of the pituitary body being an cmbryological offshoot of the 
brain-segment, it follows that it must participate in the morbid process. 
Indeed, the relationship between tliis organ and the osseous .system is 
well shown by the overgrowth of Iwnes attending its overactivity in 
acromegaly; that the opposite condition exists in epilepsy is eviclent. 
Gowers"** found a history of rickets in nearly 75 per cent, of 100 cases 
studied. 

The transmission of epilepsy has been aflirmed by Obersteiner*"® and 
others, but, from my viewpoint, the patient inherits only a depraved 
condition of the test-organ. ITcnce the fact that experimental epilepsy 
in guinea-pigs, as noted by several investigators, has failed to sustain 
Obersteiner’s view. The predisposing influence of debilitating diseases, 
tuberculosis, syphilis, alcoholism, etc., in parents is generally acknowl- 
edged, and is readily accounted for by the morbid action of such diseases 
{q.v,) on the pituitary Iwdy. Examples in which various diseases 
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started epilepsy are numerous. Bourneville and Dardcl^ observed a 
case in which typhoid fever caused both epilepsy and idiocy in a pre- 
viously’’ normal subject. In one of Gfilineau’s’®^ it followed influenza. 
In one reported by (Mark siiid Sharp’** measles converted an ordinary 
epilepsy into status cpilepticus, etc. 

Emotional shock and fright, by imposing too suddenly a 
severe stress upon the cellular elements of the posterior pituitary 
(as sensorinm rommune)^ may also provoke typical epilepsy, by 
impairing permanently their sensitiveness.* A constant flow of 
impulses from the periphery may initiate the form known as 
‘^reflex” epilepsy by fatiguing the organ’s nerve-cells and sim- 
ilarly depressing its sensibility to impressions received through 
tlie anterior lobe and awakened by blood containing physiological 
waste-products.* The convulsions are caused by these wastes 
precisely as in typical cases of epilepsy, both in the reflex form 
and in that due to emotions, the former ceasing when the peri- 
pheral exciting cause is removed.* 

Sj)rrt fling’"® states tliat emotional shock and fright as causes of 
epilepsy do not receive the attention they should. In 1328 cases he 
traced (12 to this cause, some supervening inim(*diately. Females around 
puberty predominate. In the 2000 cases studied by Al. Allen Starr, 119 
were due to fright. The intense pallor, the relaxation of sphincters, the 
fainting, etc., often witnessed under such conditions exemplify the inten- 
sity of the shock upop the true semorhun commune, t.c., the neural lobe 
of the pituitary, especially its sympathetic center. 

As to reflex epilepsy, llrubaker’” collected 15 cases ‘ii which irrita- 
tion of the dental nerve, diseased or misj)la.ccd teeth caused epilepsy, 
('ases cured by the removal of aural growths or carious ossicles, etc., 
have been numerous. Ranncy,’^” Gould’” and others have reported cases 
cured by correcting defects of accommodation. Kafemann'” found ade- 
noids fre(|uently in epileptics. Recently, St. Clair Thomson’” reported 
a case six years after cessation of the seizures, cured by the removal of 
adenoids. Intestinal worms, phimosis, vesical and renal calculi, scars, 
etc., and many other morbid conditions may thus provoke epilepsy by 
control irritation transmitted by afferent sensory nerves, the fifth pair 
in the case of the head. A typical form of reflex epile])sy is that due 
to nasal exostoses, hypertrophies, etc. We have seen that Prus, by 
anaesthetizing the cortex with cocaine, prevented the fits caused by local 
excitation. Ten Siethoff’” arrested oncoming fits in a man who had liad 
epilepsy 20 years, by applying a 10-per-cent, solution of cocaine to the 
nasal mucous membrane; removal of neoplastic tissue therein cured the 
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ease. Similar instances have been reported by others. Now, Cyoii, we 
have seen, observed tliat immediately after removal of the pituitary body 
any amount of irritation, even ammonia, failed to (jx(;ite reliex rt*actions 
which before the operation were readily obtained. 

Jaclcsonian epilepsy differs from major epilepsy in that the 
cortex is the seat of a circumscribed lesion which, when hyper- 
aemia of the brain of the kind just described occurs, serves as 
a local excitant. The cerebral lesion being localized, the im- 
pulses transmitted to the cord cause it to provoke clonic con- 
vulsions only in the group of muscles over which the area in- 
volved presides. So true is this that if the starting point of 
the premonitory tingling or numbness be carefully noh'il, i.e., 
a toe, the fingers, the face, etc., Seguin's ^^signal symptoms/’ the 
location of the cerebral lesion may be exactly determined (cere- 
bral localization), and the offending structure — a glioma, scle- 
rotic })atcli(is, tumors, a syphilitic gumma, depressed bone, (*tc., 
in the motor zone in the great majority of instances. 

In such cases the lesion acts as a foreign body, against 
which, when undue hypcra}mia of the brain occurs, the cortex is 
projected and subjected to localized pressure and irritation — 
the spasmogenic factor.* 

The evidences of secondary hypenrmia arc also present in such 
cases at the site of the cortical lesion. Thus Joseph Collins^” found in 
ex(!ised cortical tissue not onl)" distention of the vessels with thickening 
sin<i infiltration of their walls, but also proliferation of neuroglia. That 
marked vascular tension prevails is shown by occasional occurrence of 
cerebral Inemorrhage in young subjects, as in a case reported by Strup- 
pler;”" the presence of congestion is shown by the choked disk, as in 
cases reported by Burr and W. J. Taylor,’” evidence that we have here 
also the required pressure to engorge tin? neuroglia. From this to the 
formation of sclerosis there is but a step. Thus, Anglade’"” never found 
the neuroglia normal, and in some regions it had proliferated in the 
form of plaques, i.e., areas of sclerosis. 

Treatment. — The prevailing medicinal treatment of epilepsy 
may be said to resolve itself into the use of depresso-motors to 
prevent the convulsions. In the light of the foregoing evidence 
these agents, while reducing the number of seizures, simultane- 
ously aggravate the morbid process.* 

Measures Wiiicir Tend to Kniiance the Accumulation 
OF Waste-products in the Blood. — Bromide Salts. — 'I'he pri- 
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mary action of these salts is to depress the functional activity of 
the general vasomotor center, producing thereby relaxation of all 
the arteries.* By thus causing the blood to accumulate in the 
great central trunks, the proportion of blood circulating in the 
capillaries of all organs and the periphery is correspondingly 
reduced and the activity of intracellular metabolism is lowered 
in proportion.* '^rhis morbid process is aggravated by the fact 
that the bromides simultaneously reduce the sensibility of the 
adrenal center.* By thus diminishing the quantity of adrenal 
secretion supplied to the blood, they impair its catabolizing 
properties, and inhibit, therefore, the conversion of toxic wastes 
into eliminab’e products.* These pathogenic influences are pro- 
portionate, all else being equal, with the quantity administered 
in a given time. 

The action of the bromides on the vasomotor center has been 
shown in the departnamt of Phurmacoilyiiamics. The paralyzing action 
on the adrenals is siiirieient in some instances to cause bronzing similar 
to that of Addison’s disease. Boiirneville and Chapotin^*”, refer to 
Echeverria,*“ “who saw a case in which the brow and neck were markedly 
pigmented brown,” and to cases witnesseil by Voisin; in one of these 
“the skin of the face was a dark, dirty yellow,” in the other it was 
“covered with bronze patches having no connection with the acne.” 
The harmful effects of the bromicies are being generally recognized. 
F. Peterson'®* has reported 11 eases in which withdrawal or marked 
reduction of the drug was followed by great diminution of the number 
of seizures. “In some of these cjises,” says this neurologist, “the im- 
provement is startling.” Spratling,'“ after close study of the results in 
several thousand cases at the Craig (-olony, concludes that “we must 
not only regard the bromides as powerless to cure epilepsy,” but also 
“as capable of doing as much harm as they do gocnl, as they are ordi- 
narily administered.” Moreover, as Percy Bryant'®® rightly states, the 
bromides have added another disease in many epileptics, i.e., bromism. 

The bromides have been administc^red with adonis vernalise as 
Bechtorew’s method, and with digit alisy as reConuuended by Huchard; 
but the recession of the blood from the tissues, caused by the bromides, 
thwarts the effects of these agemts, and the eases on record do not seem 
to have afforded results other than those afforded by the salts them- 
selves in corresponding doses. 

Other Drucss Whkui Tend to Iniitbit Tissue XTetaboltsm. — 
Many such have been and are being used. Their main action is alone 
given in this connection, the reader Iwung referred to the department of 
Pharmacodynamics for additional details and evidence. Chloral^ chlora- 
lose and paraldehyde .are even more pernicious than the bromides, since 
they depress primarily the adrenal center and therefore the activity of 
tissue metabolism and oxidation in the blood-stream. Sulphonal and 
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trional produce similar elTects in a different way: being active reducing 
agents, they diminish tlie oxygenizing and oxidizing (antitoxic) power of 
the blood, by robbing it of its oxygen. They inhibit the seizures by 
reducing the vital activity of all orgsins, including the nerve-centers. 

Opium, used in increasing doses, as in Flechsig’s method, some- 
times diminishes the number of seizures. It docs this by causing (con- 
striction of the arterioles, thus reducing the speed of the blood sujiplied 
to the nervous system, as well as to other tissues, t'ellular metabol- 
ism, as observed by Rci(;hert, is reduecxl from 26 to 62 per cent. Anti- 
pyrin, acetanilid and kindre(l coal-tar products reduce the 6ts in some 
cases. They *do so, how(*ver, as do opium and inorpliine, by causing 
constriction of the arterioles. The lowered metabolism induced by these 
agents is shown by the effects of large doses, i.e., cyanosis. 

The bromides and other depressants have their place in the 
treatment of epilepsy, however, as shown below, but only to 
counteract the excessive irritability of the general vasomotor 
center, while other measures are employed to antagonize the 
pathogenic elements in all idiopathic cases, i,e,, the poisons in 
the blood-stream.* 

Dechlorintzatton. — ^Withholding common salt from the 
diet of patients (used to render them more susceptible to the 
effects of the bromides) is not to be recommended, ev(m though 
temporary benefit follow, this benefit being due to impairment 
of the osmotic properties of the blood and of the vital processes 
in which sodium fulfills an important role. Metabolism being 
retarded, nutrient materials accumulate in the blood and ulti- 
mately lead to additional disorders.* 

The influence of common salt on osmosis is w(*ll known; Jacques 
Loeb^®® has shown that “the Nations of the blood ns well as of the sea- 
water are essential for the maintenance of life-piienoin(*na.” Decflilorin- 
ization cannot, therefore, but deteriorate the body. This was illustrated 
in 60 cases carefully studied five months by d. Voisin, ll. Voisin and 
Krantz.^’ At first the seizures were fewer, but the patients relapscMl 
into their usual state. Marked anorexia appeared, the patifuits having 
to force themselves or be forced to take food. Then followed nudan- 
eholia, confusion, hallucinations of sight, taste, etc., the patients fear- 
ing that they were being poisoned. Tn addition, there wcu-c dyspepsia, 
fatigue, lumbar and muscular pain. Schlfiss^*" and others had alrc*ady 
observed that under this treatment the patic'nts IxM^ame weaker. Con- 
versely, Knri(piez and Crenet*®® found that the addition of large doses of 
sodium chloride during four months diminished the intensity and number 
of attacks. C. H. Hughes*®® has, henvever, correctly emphasized the fal- 
lacy of dechlorinization as a therapeutic measure. 
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Measures Which Tend to Prevent the Formation of 
Toxic Wastes. — Diet . — In the light of the conclusions sub- 
mitted in the foregoing pages, it becomes evident, in this connec- 
tion, (1) that wliile any food ingested is converted into nucleo- 
protcid granules, \vc are dealing mainly with poisons formed 
during the breaking-down of worn-out living substances, i.e,, 
during catabolism; and (2) that these poisons form, owing to 
iiisulliciency of those constituents of the blood which carry on 
catabolism and destroy the toxic wastes in the blood* '^JMiis, 
in turn, suggests as a fundamental i)rinciple, the imperative need 
of equipoise between these properties of the blood and the food- 
intake. In the majority of cases the latter is excessive, and the 
cellular elements are burdened with proteids which cannot be 
completely converted into eliminable products. ^Plic blood, 
therefore, is loaded with substances which irritate the vasomotor 
center and thus provoke the seizures.* 

Tlie practical indication is obvious, namely: to allow the 
patient qnly the quantity of food strictly necessary to the needs 
of the body. Indeed, neurologists of wide experience have found 
that the best results are obtained when the food consists mainly 
of cereals, milk, fruits and butter. Some include eggs, but 
others oliject to them, ileat, if allowed at all, should be strictly 
limited to the midday meal, and even then in small quantities. 
Fats, fried foods and pastry often prove harmful. Stimulants 
w'liicli tend primarily to cause a rise of the blood- pressure, i.e., 
alcohol, coffee and tea, should not be allowed.* Gastro-intestinal 
disorders sometimes suffice to awaken the disease. Appropriate 
treatment, including daily colon-flushing with normal saline solu- 
tion, has proven curative in sucli cases. 

Tliis represents^ the teachings of experience, based on thousands of 
eases treated collectively. Yet experimcntiil dietetics sometimes point 
in other directions. Schldss,"^ for instance, divided IG cases into four 
groups : two of these were giv«*n meat exclusively six weeks, and a milk- 
and-veg(?table diet during the succeeding six w'ceks. During the meat 
period the seizures were fewer th»*n before; during the milk-and-vegetable 
period they increased. The reason for this suggests itself: the nucleo- 
proteid obtained from meat only was not equal to that of the milk and 
vegetables, while the nuclein intake was greater. As a result the phos- 
phorus liberated during ('atabolisni was relatively greater, and being 
added, on reaching the blood (via the lymphatics) to the phosphorus- 
laden nuclein in the auto-antitoxin, increased the plasma’s proteolytic 

• Author's conclusion. 
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and therefore antitoxic activity, indeed, Dana^"® gives glycerophosphates 
among other remedies, while Ji. SmitlP*^ has used pure phospliorus with 
advantage. The conclusion reached by some, that those and similar ex- 
periments iiidieaU that patients should not be depriv«*d of meat is errone- 
ous, however, for it is because Sehluss*s patients were placed on an abso- 
lute meat diet, that they were benefited. Meat given besides other foods 
cannot but aggravate the disease, in accord with the teachings of exp(*r- 
ience. 

^ Alcohol and absinthe are recognized vasomotor stimulants and cmi- 
vulsivants, and abstinence therefrom, as shown by Ford and others, hav«*. 
proved curative. Fleury"^‘ cites several cases in which the cessation of 
alcohol and reduction of the diet alone very markedly reducted the number 
of seizures — the lapse in one instance being three years — although the 
treatment had not been modi lied. Tea was found by Haig,'”* and coifee 
by Marburg,'"" to aggravate the disease. 

Diiuas Which Tend to Incuease the Destihtction oe 
To>:ic Wastes. — These agents all act by stimulating tlie test- 
organ, and therefore by increfisiiig the blood^s proteolytic 
activity. 

Thyroid and Parailtyroid Ohind , — ^Thyroid gland is use- 
ful especially in young subjects (doubtless because gliosis is less 
apt to be present), owing to its direct action on the anterior 
pituitary body as the physiological stimulant of this organ.* 
It not only increases, through the adrenals, the proportion of 
adrenoxidase in the blood, but also, and through this action, 
that of auto-antitoxin. All the antitoxic powers of the blood, 
phagocytic and plasmatic, being enhanced, the toxic wastes arc 
more perfectly destroyed.* (See also p. 7 lb, vol. i.) 

In epilepsy, small doses arc alone etTective, since large doses, 
by too rapidly increasing tlie formation of adrenoxidase, cause 
excessive metabolic activity in all tissues and an augmentation 
of wastes.* The dose should not exceed 1 grain (0.0()5 gin.) of 
thyroid gland to begin with, and be slowly increased if need be, 
until not morci than .'3 grains (0.19 gm.) are taken three times 
daily, after meals. If extract of parathyroid is used, grain 
(O.OOIG gm.) should be the initial dose, gradually increased to 
Vao grain (0.00;33 gm.).* 

No depressants should be given at the same time, since they 
tend to antagonis^e the action of these extracts by reducing the 
sensibility of the t(?st-organ. As the bromides, especially sodium 
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or strontium bromide, only do so when given in full doses, how- 
ever, 10 to 15 grains (0.64 to 1 gm.) may be given on retiring, 
to control the irritability of the vasomotor center, while the 
cause of this irritability is being counteracted by the thyroid 
extract.* The bromide salt may be combined with 5 grains 
(0.3 gm.) of acetanilid. 

Under “Hajmophilia,” the increase of oxidase caused by small 
doses (3 grains — 0.19 gm.) t.i.d. of thyroid extract is graphically illus- 
trated by tests in several cases treated by W. J. Taylor. That it can 
counteract convulsions has been emphasized mainly by experimental 
physiologists. “In some animals, as in most carnivora,” says Chitten- 
den,*®’ “complete removal of the thyroid tissue is followed by a rapid 
development of symptoms indicating a marked irritation of the nervous 
and muscular systems, as manifested by tetanus, epilepiiform convul- 
sions, etc., and terminating in death.” Thyroid extract, as is well known, 
cuts short these convulsions, the animal suffering in no way as long as 
it is administered. By stimulating the adrenal center, it enhances the 
production of oxidase and, therefore, that of auto-antitoxin. Browning*®* 
caused cessation of convulsions in three young epileptics, two of whom 
suffered from rickets and the third from “disturbed metabolism,” by 
giving V 4 grain (0.048 gm.) doses of thyroid extract twice daily. He 
states that these cases “are due to or assocdaitrd with disturbances in the 
general metabolism of the body” and refers to them as “pseudo-epilepsy.” 
All cases of idiopathic epilepsy should be considered in the same light 
if the term “pseudo-epilepsy'’ were warranted at all, since, as we have 
seen. Pierce Clark and others ascribe the disease to “an accumulation 
of waste-products.” Browning’s cases were bona fide cases of epilepsy, 
and what they do teach is that small doses of thyroid extract are alone 
indicated. These, however, as my own observations have shown, must 
be very gradually increased according to the effect on the patient. I 
usually begin with one grain (0.065 gm.) at each meal, giving a small 
dose of sodium bromide on retiring at first, if necessary, and gradually 
reducing the dose, until none is given at all. Some cases are benefited 
by larger doses of thyroid. Thus, in a case treated by a colleague, 
under my supervision, the nurse, through a misinterpretation of instruc- 
tions, doubled the dose; the result was considerable improvement. In 
adults, however, as it did in eases reported by Clarke"*® and Bonrneville,®*'* 
it failed to arrest the seizures. In fact, in the last-named neurologist’s 
cases, it increased the number of seizures. But the cause of this is evi- 
dent: the extract was administered in full doses, and e.xcessive metabol- 
ism was produced, causing an excessive production of wastes. As the 
cases were adults, diffuse gliosis may have been present, recovery being 
then impracticable. It is in young subjects that the best results are 
obtained with thyroid extract used as above. Professor Osborne, of 
Yale,*®* wrote recently: “I have now on my records a number of cases 
of epilepsy treated successfully Avith thyroid. My attention was first 
drawn to the use of this preparation in epilepsy by several cases occuring 
in women at the time of the menopause, the attacks showing a suggestive 

periodicity T found that T could control and prevent the epileptic 

attacks as well with thyroid as could be done with bromides, and with 
much better results to the system.” 

• Author's conclusion. 
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Sodium Salicylate and Salicin. — The salicylates increase 
very actively the elimination of urea and uric 'acid, by actively 
stimulating the adrenal center. Moreover, they excite abnor- 
mally the symnathctic center and cause constriction of the peri- 
pheral arterioles and, therefore, reduce the convulsions by limit- 
ing the cerebro-spinal hypersnmia. In adults 15 grains (1 gm.) 
of sodium salicylate or salicin 5 grains (0.3 gm.) may be given 
three times daily, giving a small dose (10 grains — 0.64 gm.) 
sodium bromide at bedtime. 

The ealicylatcs liave been recx)nimended by Hnig^® and used with 
advantnge, but with potnHsium iodide. William Pepper likewise used the 
salicylates with success. A numbe^r of cases have been reported in whicli 
it reduced the number of seizures. W. J. Vincent, in a severe and 
carefully studied case, in which all familiar remedial measures had been 
tried, arrested the seizures (nine months’ test) with salicin 5 grains 
(0.3 gm.) three, then five times, in the twenty-four hours. Other cases 
were benefited. 

Other drugs which tend to enhance catabolism and the de- 
struction of wastes arc digitalis and stropliantkus, adonis ver~ 
nalis, iodide of sodium, and biniodide of mercury. Their actual 
value will only be ascertained when given alone, i,e., reserving 
depressants for the night. For the latter purpose hromipin, a 
brominized oil of sesainiim, has been recommended in lieu of 
the bromides; antipyrin, acetanilid, and uretlian likewise. ^J'he 
centers seem to lose their sensitiveness to remedies sooner in 
epilepsy than in other diseases, and a change of drugs often 
results in temporary improvement. 

An alkaline laxative, preferably the citrate of magnesia, 
every other week, aids materially all the foregoing measures.* 

Tueatment of Status Epilepticus. — In this condition the 
main cause of the paroxysms is the intense vascular pressure, 
caused by a more or less great accumulation of toxic wastes. 
Here the bromides arc of value when injected subcutaneously in 
the back, just below the angle of the scapula, 30 grains (2 gms.) 
of sodium bromide dissolved in one ounce (28 gms.) of sterile 
water being used repeatedly if need be. Amyl nitrite inhala- 
tions, which cause temporary paresis of the vasomotor center 
and relaxation of all the arteries, while useful to abort ordinary 
attacks when used during the aura, are seldom effective in status. 


• Author' A roncluftion. 
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but used in addition to the bromide injections, prove efficient. 
Blood-letting has been highly recommended; hypodermoclysis 
suggests itself as a valuable measure used immediately after the 
bleeding to aid in the elimination, through the marked diuresis 
it provokes, the elimination of waste-products. 

The use of sodium bromide as alwive was found highly useful in 
the Mass. Hospital for Epileptics by Morton and Hodskins.-^ They 
also adininistor prophylatic injections of 20 minims each (in all 12 
grains) when two seizures occur in succession, (.’hloroform is sometimes 
recommended, but Pierce (lark-*® states that chloroform should never be 
used during the sleep or stupor stage of the access, as it may cause coma 
and even death. According to Bondiirant,“'^ the best single remedy for 
stsitus epilepticus is blood-letting. 

^rWEATMENT OF JaCKSONHAN AND IJKFbEX ElMLKPSY. — When 
the lesion in Jacksonian epilepsy can be clearly located, the 
sooner operative ])rocedures are resorted to the better. As a 
period of improvement follows almost any procedure, prudence 
in predicting a (‘urc* is desirable. 

All cases of epilepsy should undergo a very careful examin- 
ation lost any organ of special sense be the source of reflex seiz- 
ures. Any abnormal condition should, if possible, be corrected, 
even if it happen not to be the spasmogenic factor, since it 
always tends to aggravate the disease. 

EPJLEPTOID DlSpKDEKS. 

Infanttuk Eclamfsia Oil Convulsions. — The seizures of 
this disorder, wliich resemble those of epilepsy, are ascribablc 
to a similar morbid process,* autotoxins being, as a rule, derived 
from the gastro-inte.stiiial canal. They may also be due to gen- 
eral hypoeatabolism, however, as is observed in children suffer- 
ing from rickets; or, they may occur as an interciirrcnt symi)- 
tom of acute infections, where they arc caused by the inability 
of the adrenal system to cope successfully with tlui aggregate of 
detritus, wastes, etc., which appear in the blood under such con- 
ditions.* '!rhe paroxysms may be brought on by reflex action, 
through dentition, precisely, as we have seen under Epilepsy, as 
is the ease under the influence of nasal growths, phimosis, etc., 
i.c., through irritation of the corresponding centers in the pos- 
terior pituitary.* 

• Author's ronrlusUiu. 

Morton and Hodskins: Boston Med. and Surg. Jour., June IS, 1905. 

‘■"s Pieree Clark: Pediatries, Aug. 15, 1897. 

Bonduraut: Amor. Jour, of Insanity, July, 1894. 



PUERPERAL ECLAMPSIA. 


U7ii 


The medicinal treatment of infantile convulsions is, on the 
whole, similar to that of the disorders studied in this chapter. 
An important feature, however, is the careful search for condi- 
tions, such as the teething, phimosis, rickets, etc., and their elimi- 
nation as pathogenic factors. I'lie convulsive, i.c., epileptic, 
habit may bo developed in children left untreated, since rei)eated 
hypeneinia of the neuroglia* may provoke a gliosis and place the 
case beyond our aid. 

PUERPERAL ECLAMPSIA. 

Synonyms. — Puerperal Convulsions ; Child’bed Fits. 

Definition. — Puerperal eclampsia, an acute disorder of ])reg- 
nancy and parturition characterized by periodical convulsions, 
is due to an accumulation of toxic wastes in the blood, owing to 
inability of the adrenal system to convert the excess of wastes 
due to the presence of the fadus, into benign and (‘liiniiiable end- 
products. As these toxic wastes provoke inordinate vascular 
tension, an excess of blood is driven into all capillaries, including 
those of the sf)inal system and cortex. Both the latter being 
thus rendered hype rexci table, a convulsion occurs wlnm this 
hyperexcitability is suddenly increased by the appearance in the 
blood of an excess of auto-antitoxin, the result, in turn, of a 
sudden resumption of defensive activity by the adrenal syslem 
when the blood becomes suHiciently toxic to enforce it. The 
convulsion lasts until the toxic wastes are converted more or 
less efliciently into harmless and eliminable end-])roducts.** 

Symptoms and Pathology. — The symptomatology of puer- 
peral eclampsia, as regai’ds the convulsions, closely resembles that 
of epilepsy. It may be divided into three stages: (1) the inva- 
sion, (2) a short period of tonic spasm, and (15) the period of 
clonic convulsions. 

The period of invasion is generally attended (besides other 
phenomena reviewed under ^^Etiology and Pathogenesis”) with 
a severe frontal headache, sudden flashes, more or less blurred 
vision, vertigo, and mental torpor or excitement. The tempera- 
ture gradually rises and the pulse and heart-beat become steadily 
stronger. Nausea and vomiting mJiy also occur, the patient com- 


' Author* A conrlusion. 
'* Author* 8 definition. 
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plaining of pain in the epigastrium. More or less severe chills 
mark the approach of the seizure in most cases. 

The tonic spasm may, however, occur suddenly, i.e., without 
warning, and is usually very brief. The eyes remain wide-open 
and staring, the pupils being dilated, the face is very pale and 
consciousness is lost. The spasm consists in pronation and 
supination of the forearms, tlic lingers ‘being tightly closed 
around the thumbs, and rigidity of the legs. The liead and 
moiitli arc drawn to one side, generally the right, the breath is 
“hcld’^ through arrested action of the respiratory muscles, and 
opisthotonos may occur. The tonic spasm may appear alone, 
and recur, thus constituting the only form of convulsion wit- 
nessed. As a rule, however, it lapses into the clonic scnzurc. 

The onset of the clonic stage is marked by a change in the 
appearance of the patient, tho face becoming deeply congested, 
tumefied, then cyanotic. The eyeballs, fixed before, now move 
rapidly from side to side, the lids closing and opening rapidly, 
the pupils, from dilated, becoming contracted. The muscles of 
the face and jaws are violently contracted, the tongue being 
sometimes severely bitten; the patient foams at the mouth, and 
the head is tossed or rolled from side to side with great rapidity 
and violence. All the extremities arc thrown around vigorously 
and rapidly flexed and extended, the back being arched in opis- 
thotonos or to the side. The respiration is markedly impeded 
and often stertorous ; the pul^e and heart at first beat slowly and 
forcibly, the veins of the neck being turgid and distended, but 
later on the cardiac action may become irregular. The tempera- 
ture in most cases rises to 104® F. (40® C.) ; in some it may 
reach much higher, i,e., 110® F. (43.3® C.). 

After a period varying from one-half to three minutes the 
paroxysm loses its violence, and the patient falls into a coma 
or a deep sleep. Sometimes a new paroxysm recurs while the 
patient is still comatose, and is followed by others in more or 
less rapid succession. Rarely, the patient dies during the first 
coma. In favorable cases, the seizures become less frequent or 
cease immediately after delivery. 

Etiology and Pathogenesis. — Tlie convulsions are due, as 
in epilepsy, to irritation, by blood-poisons, of the vasomotor and 
sympathetic centers. All the vessels of the body being violently 
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contracted, a wave of blood is forced into all capillaries, includ- 
ing the cellular elements and neuroglia of the cerebro-spinal 
system.* The activity of the cortex as a sensory organ being 
suddenly enhanced, a flood of impulses — of the voluntary type — 
is transmitted to every portion of the spinal system and the 
seizure occurs.* 

The arterial pressure is so intense that the capillaries are 
sometimes found ruptured, luemorrhagic lesions being found 
even in the placenta. This violent hyperannia is the cause of 
the great fatality of eclampsia to the infant.* 

The kinnhip between epilepsy and eclampsia is so close that some au- 
thors, Osthoff and Lantos,-**'^ for instance, consider the latter as an acute 
form of epilepsy. Others, again, compare it to hystero-epilepsy. Oliver'-"* 
reported a fatal case of epilepsy in a young puerperal patient with no 
anteeedent history of the disease. 

That a marked and widespread vascular constriction and general 
capillary hypera»mia are present has been conclusively demonstrated. 
Not only does the facial congestion, the engorged veins of the surface, 
betoken the presence of these conditions, but as observed by Lubarach,®*“ 
multiple h9cmorrhag(*s are to be found in every part of the body: the 
liver, kidneys, stomach, large intestine, endocardium, lungs, etc., and 
in the pia mater and cortex. Schmorl'-*^*^ also found punctiform hannor- 
rhage of meninges and cortex, and moreover of the central ganglia. 
Similar lesions, as to the cortex, were nott^d by Leusden,*^'- who also 
observed many ruptured capillaries, the blood llowing in the surrounding 
tissues, forming clots, ^fassen"’" found the veins of various regions 
completely thrombosed, and also “considerable dilatation of the cerebral 
capillaries,” the blood having been forf*cd into them, doubtless by the 
constricted arteries. All organs showed hwmorrhagic lesions of some 
kind. Cassaet and Chambrelent"'® found hirmorrhagic h'sions in the 
still-born infants similar to those of the mother, and ascribe to this 
cause the great mortality of infants in cclamptics. The hepatic lesions 
of eclampsia have also received considerable attention from .Klrgens,"^* 
Klebs, Pilliet,"^" Boulfe de St. Blaiso and others, since all found in this 
organ hapmorrhagic and embolic foci. Finally, Blumreich and Zuntz'-*"* 
found ex])erimentally that the brain of pregnant animals was much more 
susceptible to irritation than that of non- pregnant ones. ^ 

We thus have ample testimony to the effect that, as in epilepsy, 
the cortex is violently congested, and if in the latter disease this can 
provoke convulsions, there is no ground for doubt that the case is the 
same in puerperal eclampsia. The connection with the vasomotor center 
is well expressed by Ilerz:"” “Even slightly toxic products in the blood 


* Author's convtusion. 

Lantos: Archiv f. Qynaek., Bd. xxxil, S. 364, 1888. 

Oliver: Lancet, May 26, 1894. 

®^Lubarsch: Corr. f. schwelzer Aerzte, Bd. xxi, S. 2^5, 1891. 

**®Schmorl: “Pathologlsch-Anatomische Unter. u. Puerperal Eklampsia, 
Leipzig, 1893. 

Leusden: Virchow's Archiv, Bd. cxlli, S. 1, 1895. 

®’®MaBBen: Ann. do gyn^col. et d’obst^t., vol. xl, p. 227, 1893. 

CaBBaet and Chambrelent: Revue inMico-chlr. des mal. dea Femmea, vol. 
xvli, p. 600, 1895. 

ai^Jilrgena: Berl. kiln. Woch., Bd. xxiil, S. 874, 1886. 

Pilliet: Nouvellea arch. d’obst«. et de gynfic., vol. v, p. 600, 1900. 
Blumrelch and Zuntz: Arch. f. Gynftk., Bd. Ixv, S. 737, 190^ 

“T Herz: Wiener med. Woch., Bd. 1. S. 113, 174, 227, 284, 326, Ml, 1900. 



1476 INTERNAL SECRETIONS IN PATHOGENESIS AND TREATMENT. 

of women in cliildbcd are sufticient to irritate the vasomotor centers, 
which are then in a condition of increased excitability.” Finally, Kr(5nig““ 
found by means of the lliva-lloeci sphygmomanometer tliat the blood-pres- 
sure was very high, especially in {lost-partum eclampsias, an observation 
conlirmed by 11. Richardson.*’" Vaqucz“" wrote recently that none of the 
theories in vogue in regard to the etiology of eclampsia took into account 
the main and essential f(*ature, viz., arterial hypertension. He had 
evidently overlooked the abundant evidence to that effect in literature. 

The spasmogenic poisons arc intermediate products of tissue 
catabolism wliicli accumulate in the mother’s blood when her 
auto-protective mechanism, the adrenal system, is inefficient, i.e,, 
functionally liypoactivc.* 

During pregnancy the mother’s blood becomes increasingly 
laden with waste-products, those of the developing fcctus being 
added to her own. To f)rotect her organism, her adrenal system, 
including, of course, the thyroid apparatus, becomes increasingly 
active, owing to the exciting action of these products on the 
test-organ,* to insure destruction of all wastes as soon as they 
arc found.* A\'h(*n the adrenal syst(*m does not become suffi- 
ciently active to cnhanc(' adequately tlie blood’s antitoxic projier- 
ties — including phagocytosis — the toxic wastes are allowed to 
accumulate in the blood* in sufficient quantities to provoke con- 
vulsions, Z.C., the eclamptic seizures. 

Williamson, of JohiiH ITopkina,’*’-* in his recently published text- 
book says: “Up to the ])ieaent time satisfjictory ])roof has not been 
addiUHMl in support of the bacterial nature of eclampsia, nor does it seem 
likely to be forthcoming,” and he considers it probable that the “morbid 
process is caused by some as yet unknown poisonous substance* circulat- 
ing in the blood which may give rise to lesions of varying intensity in the 
several organs.” The lesions to which he refers in(‘lude those T liave 
ascribed to excessive hyperamiia in all organa, the result of irritation 
of the general vasomotor center. After alluding to the fact that it was 
Bouchard who opened up the field of auio-into\ication, he Avrites: 
“Riviere, in 188S, was the first to put forward the theory that eclampsia 
was an auto-intoxicatioii resulting from the heaping up of some sub- 
stance in the system.” Tarnier and Uhambrelent-"- ami others found 
the toxicity of the blood considerably increased, but this (piestion is 
still stth juflice. Nevertheless the kinship with epilepsy again suggests 
itself, since Ludwig and Savor'-^* and Hofmann'--^ regird carbonic acid 
as the spasmogenic agent, while SziIi--“ ascribes this role to some “inter- 
mediate products from the jirotcid molecule.” 1 would again suggest 
that several poisons should be incriminated, since the nervous system 
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also supplies intermediate wastc?a under such conditions difTering from 
those of other tissues, in a recent eouiprehensive biochemieiil study 
of the question, however, /weifed--® found that the ecdainptic seizure 
followed the aceumulatioii of lactic acid — which he ascribes to deficient 
oxygenation — in the blood, and that after the seizures this acid hatl 
disappeared. 

That the mother’s auto- protective resources are developed coin- 
cidently with the growth of the fu^tus through a corrc'sponding augmen- 
tation of the functional activity of the adrenal system is fully sustained 
by experimental evidence. As l.o tht pituilary body, Tj. Cointc'--’ found 
microscopically that, during pregnancy, the anlvrlor pituitary was hyper- 
trophied; it was also very much heavier and larger. This was confirmed 
by Launois and Miilon-’* in two instances, one of the parturients having 
died eclamptic. They found, inoriHiver, a marked increase of the cellular 
elements. In a more recent work--'" Prof. Jjaunois reiterates his previous 
conclusion that in pregn.in<!y the anterior lobe is in a state of marked 
“hyperactivity”. 

Lang,-^™ in a series of 133 cases of pn^gnancy, found the thyroid 
enlarged in 108, the organ beginning to enlarge nI>out the fifth month. 
This increase in volume ceased, however, if thyroid extract was adrnin- 
istiTcd, and began again when tbe extract was withdrawn. On the 
other hand, Verstraeten and Vandcrlinden-®^ and Nicholson-®- having 
concluded that in eclampsia nitrogenous metabolism is impaired, owing 
to insufliciency of the thyroid, the latter author tried thyroicl extract 
and found that it counteracted the morbid symptoms — a fact repeatedly 
confirmed since, as shown under “Treatment.” 

As to the parathyroids^ VassakV'®* reviewed recently his own labors 
and those of Pepere, Zanfrognini and others, whicli showed lesions of 
these organs after dciith from cclamjisia; of Zanfrognini, Krnheim, 
Thaler and Adler, which showed that parathyroid insufliciency beginning 
during the last three months of pregnancy caused grave (ex])erimental) 
eclampsia. In two out of three dogs in which the parathyroids had 
been removed, Vassale was able to prevent eclampsia by giving large 
(piantities of parathyroid extract orally. Frommer^* has confirmed 
the general trend of these* views. 

That stimulation of the adrenals by the pituitary body increases the 
antitoxic pow(*r of the blood, we have seen und(‘r “Epilepsy.” The need 
of such a function in eclampsia is s(*lf-evident in vic^w of the fact that 
Ma.asin‘“‘'’' found that at the end of pregnancy the blood contains an 
abundance of “partially oxidized products or leucoinaines.” It is only 
a (luesiion whether this function — carried on by the adrenal system — 
is equal to the occasion. As in epilepsy, also, the eclamptic stage is 
an effort of protective functions to destroy the poison. Indeed, Emery-®" 
observed that a polynuclear leucocytosis — the identical cells which we 
have seen furnish the blood its nucUH>-proteid granules — occurs at the 
onset of the fevTi*, and Kollmann"®^ found a large increase of fibrinogen, 
a substiince rich in iiuclco-proteid, in the blood of eclamptics. 
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Albuminuria is an index to the degree of vasoconstriction 
present.* When the vasoconstriction becomes excessive, there 
is added to the albuminuria, transudation of the albuminous por- 
tion of the blood (the scrum) through the engorged capillaries, 
and oedema of the feet, legs, external genitals and face appears.* 
In marked cases, the trunk and the internal organs, especially the 
lungs, may likewise become cedematous. 

The albuniiiiiiria of pregnancy, when moderate, is not due 
to a general constriction caused by the action of poisons on the 
general vasomotor center.* We have seen that it is the result of 
excessive vital activity in the muscular coats of the arteries, 
owing to the unusually stimulating properties of the blood sup- 
plied to them through the vasa vasorum and that it is purely 
mechanical.* Though albuminuria is not due to nephritis, 
renal irritation may be evoked by tlie inordinate work imposed 
upon the kidney. Moderate albuminuria alone is not a threat- 
ening condition, therefore; while moderate albuminuria plus 
renal casts may ultimately prove to be.* Albuminuria with 
tedema points to a marked vascular constriction which may be- 
come pathological.* 

Lantos=“ found albuminuria in 60 por cent, of COO newly delivered 
women, in over 70 per cent, of 268 primipane, and over 50 per cent, of 
332 multi pane, and concluded that it has no pathological Hignifieunce. 
Palmer'®® also found albuminuria in alK>ut 50 per cent, of pregnant 
women examined at the Cincinnati Hospital. Pajot,®*® nearly twenty 
years ago, laid stress on the fact that many women who were highly 
albuminuric do not have eclampsia. 

Willamson,-^' referring to the older view that nephritis was tho 
fundamental cause of albuminuria, states that it was “gradually 
abandoned when it was found that only a small proportion of the women 
had eclampsia.” This shows that the two plnmomena are distinct 
I'll titles. Indeed, as emphasized by Bar,-^* a normal action of the kidney 
does not prevent a fatal ending, while conversely, as shown by Van der 
Velde,®'* albuminuria may be absent notwithstanding the presence of 
markf'd renal disease. Nor do, as noted by Saft-“ and others, casts 
and albumin maintain a corres])on<ling ratio. Just as the waste-products, 
as already statcal, increase coincidently with the growth of the embryo, 
so did Saft, in his study of 707 cases, 6nd that when albuminuria 
occurred, it was between the thirtieth and thirty-second weeks, and that 
while it was apt to become very considerable as the puerperium 
approached, it receded during the first days following labor, llie general 

• Author's conclusion. 
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vasoconstriction is likewise shown by the facts, pointed out by 
>licholBon/‘‘" that during pregnancy the right side of the heart is dilated, 
while the left side acts as though it were hypertrophied. Obviously, 
as he. suggests, this is due to widespread and extreme vasoconstriction, 
a condition linked with the albuminuria of pregnancy by Allbutt, the 
blood being jammed into the venous system. The dilation of the right 
heart affords an idea of the intense centrifugal pressure to which the 
capillary system is submitted, and the familiar fact that the serum of 
the blood normally traverses the walls of the capillaries to penetrate 
the lymph spaces, indicates how it may traverse mechanically the renal 
filter, or invade the tissues and render them mdcmatoiis. Indeed, in a 
recent paper, Mynlictt""* found marked intrarcnal distention, siiflicient 
to cause stasis at times, and limited only by the resistance of the capsule. 

Although ( 'harpentier*^^ regards eclampsia without albuminuria 
as exceptional, he, Schroeder and Iiigreslcv"'' found numerous cases in 
literature in which it was absent. But this is readily accounted for by 
the fact that in some cases the brunt of the irrittition is borne by the 
sympathetic centers. The arterioles being constricted, the circulation 
of the kidneys is inhibited as it is elsewhere, the pressure being only 
sufficient to sustain renal activity. In fact, the inhibition may exceed 
this limit: in 42 cases reported by T. K. Holmes,-^® the bladder contained 
no urine in 5 instances, although these cases had all been (edematous, 
while the only case in which albumin was abstmt, ccdenia was likewiso 
ahp.eiit. This ease — in whicdi the vascMionstriction was evidently not in- 
tense — had only one (?onvulsion. 'rhree cases attended with anasarca, 
and “solid’* urine as to albuminuria, proved fatal. 

The relative cxorclion of urea is an index to the proportion 
of the toxic waste-products that are present in the blood. The 
addition of foetal products of metabolism to those of the motlier 
necessarily involving an increase of tlmm in the maternal blood, 
a corres])oiiding increase in the urea exci’eted should occur. In 
eclampsia it is markedly reduced and the severity of a given 
case corr(\sponds with the urea excreted, wdii'e improvement 
coincides with a material increase in the amount eliminated. 

Butte'-®® observed tluit when in celauipsia the f>ro[)ortion of urea 
excreted was norinul, death usually followed; wliile re(?ovcry ensued 
as a rule, when it was doubled. Marx®*^ has long ('mphasiKed the fact 
that “urea is always found markedly diiHinished in the socalh'd pure 
toxa*.niins of pregnancy’* and that “the amount of urea cx(Tcted always 
goes hand in hand with the condition of the patient.” E. P. Davis'-” 
emphasizes the same fact and states that although urea is not itself 
a poison, diminution in the quantity exerettul indicates that toxins are 
being retained. Jcwett“® regards a marked falling off as of grave 
import. Helouin®* found that in cc;lanipsia the nitrogen eliminated in 
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the form of urea was markedly lower than during normal pregnancy. 
Whitney and Clapp"® confirmed this fact experimentally and clinicallv. 
Williams sLites that while, during an eclamptic attack, there is nearly 
always an abundance of albumin, often blood and tube-casts, the termina- 
tion of the convulsions is marked, in favorable cases, by a rapid increase 
in the amount of urine and urea, together with a decrease in the amount 
of albumin.” 

Treatment. — Measures Calculated to Prevent Eclamp- 
tic Seizures. — In view of the foregoing evidence, the import- 
ance of frequent examination of the urine is self-evident: at 
least once a month during the lirst six months and every other 
week tlicreaftcr, tlie patient being instructed to notify her ac- 
coucheur should headache, disturbance of vision, (edema, or 
jaundice appear — all symptoms of beginning toxa?mia. The 
urine passed in the twenty-four hours, which will probably be 
found highly colored and scanty, should be measured, and the 
total output of albumin and ur('a estimated by Esbacdi’s albumin- 
ometcr and Uoremus’s ureometer. 

Althougli the addition of the fcctal wastes to those of the 
mother suggests that an excess of urea should be found, obstet- 
ricians arc content with a normal output of urea (20 to 24 
grams daily) even if a slight amount of albumin be present. 
Considerable albumin and a diminution of the urea excreted, 
however, betoken (bingcr, and the patient should at once be re- 
stricted to milk (which serves both as fo(Rl and diun^tic), two 
quarts at least. to be taken in the twenty-four hours, and all the 
water she can drink. Wlmn this does not procure the desired 
result, a decrease of albumin, a rise of nr(‘a-ratio and free 
diuresis, the daily use of saline purgative and hot-pack or sweat- 
haih should be resorted to. 

An exclusive milk diet is rocommended by Williamson and other 
American obstetricians, and by most French authorities, Chaipcntier, 
Tarnier and others. Char^ienticr,"® in faet, to avoid all risk, orders it 
as soon as the urine contains the slightest trace of albumin, which would 
mean that about .50 per cent, of pregnant women should at one time 
or another be submitted to it. FCrC'"' and Tarnier (whose experience 
has been extensive) hnd never seen at the time of their re]jort a case of 
eclampsia in a patient who had subsisted for eight days on an absolute 
milk diet. As F(*r6 observes, it does not always counteract the albu- 
minuria or the (pdema, but it averts toxic symptoms. This is ac- 
counted for by the conclusion I have submitted that the two former 
symptoms, when not marked, are not necessarily pathological, their 
persistence denoting that the patient’s blood is rich in adrenoxidase. 
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If no improvement occur in the excretory phenomena and 
the headache and 'visual disturbances persist; or if drowsiness, 
hebetude and other symptoms previously enumerated as denoting 
irritation of the vascular centers appear, the likelihood that an 
attack of eclampsia is near at hand is very great. When this 
stage is reached, obstetricians usually induce premature labor, 
the life of the unborn child being sacrificed. According to my 
interpretation of the pathogenesis of the convulsions, other 
means are available, besides those just outlined, to prevent the 
attack of eclampsia. 

The use of saline solution is indicated before as well as dur- 
ing the eclamptic period, since it is known to enhance the anti- 
toxic activity of the blood by increasing its fluidity and its 
osmotic properties.* When the absolute milk diet is not increas- 
ing the excretion of urea, therefore, sodium chloride should be 
added to the milk in the proportion of 50 grains (3.3 gins.) to 
the pint,* the patient being directed to drink water at stated 
intervals. Often in these eases, there is fcTcal retention, notwitli- 
standing daily evacuations. Rectal irru/ation with large quan- 
tities (one to two gallons) of warm (110® F., *13.3® C.) saline 
solution is very valuable in all cases. 

The experimental rescarehea of Von Fodor, TUnmentlial, Calabrese, 
Lfiwy and Riehter and others have comdusively demonstrated that the 
antitoxie powers of the blood arc inhibited by a diminution of its salts, 
while dacques Loch has shown that sodium eliloridc was essential to the 
life of the cell. Its beneficial effect during the eclamptic stage, even 
in apparently hopeless cases, is well known. As stated by Allen,''''’ “it 
is impossible to a])preciate its- a<lvantages unless one has watched its 
results." The taste of milk is improved rather than impaired by the 
quantity of salt mentioned. The effects of thyroid extract are given 
below. The use of high rectal injections, especially of saline solution, 
is generally recognized. 

If these measures do not procure tlie desired result, tlie 
patient should remain in bed to riiduce the proportion of sarco- 
lactic acid eliminated by the muscular tissues into the lymph 
and blood, thus counteracting the only remaining poison-pro- 
ducing factor, namely, muscular exertion.* The absolute milk 
diet being continued, thyroid gland should be given in doses 
of 3 to 5 grain {0.2 to 0.3 gm.) doses every three hours, tlu; 
object being to stimulate the adrenal mechanism and increase 
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the antitoxic activity of the blood.* Oxygen inhatations are 
indicated in this connection, to hasten the conversion of the 
adrenal secretion into adrenoxidase.* 

The advisability of avoiding muscular exertion is well shown by 
the experiments of Mossaglia,-''' who found that dogs deprived of some 
of their parathyroids had typical convulsions after being fatigued. Ho 
emphasizes the fact that a woman threatened with eclampsia is more prone 
to an attack after being fatigued. We have seen that Vassale observed 
marked eclampsia during pregnancy in dogs deprived of their para- 
thyroids, and tliat large <loses of parathyroid arrested the attack. 

Nicholsoir“" introduced this treatment on the well-grounded plea, 
based on Lang’s observation that the thyroid was enlarged, and his own 
that during eclampsia this phenomenon did not occur, that a deficient 
supply of iodothyrin entailed a corresj^nding inadequate destruction 
of nitrogenous wastes. Although he believed that the antitoxic action 
of the thyroid secretion was direct and that the xx>ison acted directly 
on the blood-vessels also — both untenable conclusions — the fact remains 
that the object — destruction of the spasmogenic poisons — was attained 
in the four cases reported. The doses ranged from 5 to 10 grains 
(0.3 to 0.6 gm.). In the first case, the seizures had begun; in the 
second there was slight general oedema and albuminuria; in the third 
the general cedema included the face, the urine was nearly solid, there 
was headache and dimness of vision. The fourth case was similar. 
Nicholson’s observations have been confirmed hy several obstetricians — 
but all after the convulsions had begun. Frilhinsholz and Jcandellze''^' 
likewise advised the use of thyroid extract. 

The inhalation of oxygen has been found of value even without thy- 
roid extract; hence its probable efficiency with an increase of adrenal 
secretion in the blood-stream. 

Simultaneously, if need be, the irritability of the general 
vasomotor center may be reduced by using drugs which arc 
known to prove beneficial during the convulsions, and which arc, 
therefore, all tlie more indicated in the pre-eclamptic stage.* 
Veratrum viride is one of these; by inducing relaxation of all 
the arteries of tlic body it causes accumidation of the blood in 
the large central vessels, and by thus diminishing the cerebral 
hypenemia tends to prevent the impending seizure. Tt may be 
given in 20 to drop doses of the tincture (1905 IT. S. P.) 
every two hours until the pulse becomes softer and slower, but 
larger doses are recpiired in threatening cases to obtain this 
result. The physiological action of the bromides and chloral 
is similar to that of veratrum, we have seen, but their action 
is more uncertain. 

The use of veratrum viride does not prevent that of thyroid 


• Author's cmcltiMon. 

^Mossaxlla: Oazz. degll Ospcdall, Sept. 2, 1906. 

»» NlcholBon: Brit. Med. Jour.. Oct. 11, 1902. 

Frlihinsholz and Jeandellze: Presse m^dlcale, Oct. 25, 1892. 



PUERPERAL ECLAMPSIA. 


1483 


extract, since each drug acts on a different center. The for- 
mer should not bo used hypodermically, however, in the pre- 
eclamptic period, since the reflex irritation produced by the 
needle and fluid may precipitate a seizure. 

Wood, we have seen, says that veratnim viridc bleeds the patient 
into his own vessels — desirable efft'et under present conditions. 
Thayer^"^ laid stress on the fact that during puerperal convulsions, a 
“peculiar tolerance” of viride existed, olhcinal doses having no elTect. 
This is due to the great erethism of the vasomotor center; hence the 
need of full doses in the pro-eclamptic period. Edgar^“* considers it “tlui 
most certain remedy at our command for controlling the spasms tem- 
porarily, or even permanently.” Norris, Hirst, Jewett-'" and other 
obstetricians of large experience refxnnmcnd it highly in convulsions. 
That it should be as useful to prevent convulsions, while the thyroid 
extract is causing destruction of the toxic wastes in the blood, is obvious. 

Measures Calculated to Arrest the Eclamptic 
Seizures. — If, notwithstanding the foregoing measures, cclamp- 
sia occurs, efforts to eliminate the poison and arrest the convul- 
. sions should even now be made before sacrificing the child by 
emptying the uterus. The irritability of the vasomotor center 
is best controlled, we have seen, by means of vemirum viride, 
40 minims (3.0 gm.) of the tincture (1005 U. S. P.) may now 
be given hypodermically. Pending the vasodilating influence of 
this remedy, the convulsions may be held in chock, if absolutely 
necessary, by means of a few wliiifs of chloroform (an undesir- 
able agent, since it irritates the vasomotor center) freely di- 
luted with air. Jlypodermoclysis should then be resorted to, 
one pint of saline solution at 110® F. (43.3° C.) being injected 
slowly beneath each breast. This may be roi)eatod if necessary. 
Many experienced obstetricians practice venesection before using 
the saline solution, and find it of material aid, especially in 
plethoric or cyanotic women. To ])romotc diaphoresis, the 
hot pack is generally rccornmend(?d, and is much safer than pilo- 
carpine. Thyroid gland is also indicated during this stage, 
but in full doses. Iodine, in large doses, may serve to replace 
thyroid extract if the latter is not available. (Sec also p. 784.) 

The cases in which Norris found veratnim viride most useful were 
those with a full, rapid and high-tension pulse. C^otret®*" injects 20 
drops, and the same quantity in 30 minutes if the pulse is not reduced, 
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In one case he thus injected 400 drops, saving the case. E. P. Davis 
injects 40 minims (1905 U. S. P.) every hour until it falls below 90 
and its tension is decidedly lessened. Hirst, who gives 60 to 80 drops 
(1905 U. S. P. ) as the first dose, has seen it reduce the pulse to 60 in 
a few minutes; as long as it remained at that rate no convulsions 
occurred. Ijapthorn Smitlr*’^ obtained subsidence of the blood-tension 
with 20 to 25 minims after other familiar remedies and even blood- 
letting had failed. 

The beneficial influence of saline solution is well illustrated by 
the fact that in the Glasgow Maternity the mortality, according to 
Jardine,*®* has been reduced from 47 per cent, to 17 per cent, since this 
measure has been introdued. One drachm of sodium chloride to the 
pint of water at 110® F. (43.3® C.) is the solution emplo^Td, the site 
of the infusion being (!overed with towels wrung out of hot water. 

Besides the pre-eclamptic cases treated by Nicholson, cases in 
which the seizures had developed and in which thyroid or parathyroid 
extract was successfully employed, have been report<Hl by Macnab,®'* 
Baldowsky,'-"® Vassale=” and others, the last-named author having used 
later,”* and Avith etpial success, parathyroid extract. 

Thyroid extract in large doses is recommended by Nicholson, 
Fothergill, Stunner”" and Lobenstine.”'^ The latter gave it in 20-grain 
doses (1.3 gm.) per rectum several times in the twenty-four hours. 

Acting upon my siiggeslion”" that iodine should prove efficient in 
such cases, Somers”" used doses sulfi<*ient to produce iodisrn of a 
preparation containing a large pro])ortion of free iodine sucessfully. 
This indicates that this halogen can be used advantageously when fresh 
thyroid extract cannot he obtained. I prefer the iodides of sodium and 
potassium in large doses. It may also be administered per rc<;tum 
with saline solution. 

Morphine injections are advocated l)y some, but the benefit 
produced is an artificial one; the arterioles being constricted, 
the peripheral circulation is hampered and the cortic^al hyper- 
amiiti is reduced. The arteries are dilated behind their arterioles, 
by the accumulated blood; hence, the belief that it causes 
vasodilation. The arterioles of the skin and kidneys being like- 
wise constricted, their excretory functions are inhibited.* It 
should not bo used, therefore, Avhen the kidneys are at all dis- 
eased. It is far more efficacious, as shown below, when adminis- 
tered with chloral hydrate. 

Francis”^ lost two cases out of five under morphine, (^inversely, 
Fitzgerald”® reports five cases, of which two, treated by chloroform and 
delivery, died, w'hile the three others, in which morphine was used with- 
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out delivery, lived. Veit^® also recommcndH morphine, but when renal 
disease is not present — in accord with Tyson, Ueynolds Wilson*^^ and 
others. Iloig^''-^ uses it only when there is free diuresis. He rightly 
avoids it also during the comatose slate between seizures. Kdward P. 
Davis-*®® advises against its use, especially in large doses. 

Chloral acts miicli as docs veratnim viridc, but, unlike the 
latter, it reduces the sensitiveness of the adrenal center besides 
controlling the irritability of the vasomotor center. While 
relieving the cortical hypeRcmia, therefore, it tends to reduce 
the antitoxic properties of the Idood.* 'Che bromides have a 
similar action, when the doses arc suificiently large to control 
tlie convulsions.* As a temporary resource, liowever, chloral 
may be used advantageously when well diluted with water, by 
the mouth, or by rectal injections when Iho patient cannot swal- 
low. 


While the majority of European obstetricians consider chloral too 
depressing, (loodell, Hirst, Charpeiitier and other experienced observers 
advocate its use: Frazer-®* administered it per rectinn, 1 drachm (4 gm.) 
being used for each enema, in 49 eases, and lost but two. Commandeur^® 
contends that its rectal use is defective: it is not well retained and 
absorption is uncertain. Orally, wdien each 15 grains given is dissolved 
in at least 4 ounces (120 gins.) of water, it is well borne, and com- 
pletely absorbed. Hallowes-*"*’ reported four cases in which the injection 
per rectum of 00 grains (4 gins.) in 1 ounce (28 gins.) of water gave 
prompt relief. 

Morphine and Chloral. — Combiui'd, these two agents are 
far more useful than when given alone. Morphine being capable 
of stimulating both the adrenal center and the sympathetic cen- 
ter, it offsets the untoward action of chloral on the former, but 
not its depressing action on the vasomotor center. I'lie chloral, 
therefore, tends to deplete the brain, i.e., tlie cortex, of its ex- 
cess of blood, while the morphine by constricting the arterioles, 
still further reduces the quantity of blood admitted to the cere- 
bral capillaries.* 

This accounts for the results recorded by Stroganoff,^ viz., a mor- 
tality of 5.4 per cent, out of 92 ca-ses obser\ud by him. lie in jects Vn 
grain (0.01 gm.) morpliine, and repeats the dose in one hour or earlier 
if the patient is restless. Two hours later he gives chloral per rectum, 
30 to 45 grains (2 to 3 gms. ) in aqueous solution, and repeats it at 
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intervals of 4, 6, and 8 hours, unless the patient be resting quietly. 
Chloroform is used exceptionally— only in severe convulsions, pending 
the action of the morphine and chloral. The rectal and subcutaneous 
use of saline solution is deemed an imjiortant feature of the treatment. 
The author did not have to induce labor in a single instafwe. 

If the foregoing measures prove unavailing, the uterus 
slrould be emptied. The precautions resorted to in epilepsy to 
prevent wounding of the tongue, etc., during the convulsions, 
arc, of course, as applicable in eclampsia. 

RABIES. 

Synonym s. — Uydroph ohm; Lyssa. 

Definition. — Rallies, a disorder characterized by violent 
tonic spasms with, in some instances, clonic convulsions, is the 
terminal stage of an infection by a specific virus which causes 
progressive paralysis of the test-organ. The functions of the 
adrenal system becoming gradually weaker, toxic wastes accu- 
mulate in the blood to a suflicicnt degree, after weeks or 
months, to cause a marked increase of vascular tension. As an 
excess of blood is thus driven into all capillaries, including the 
corebro-spinal nervous elements, these arc rendered hyperexcit- 
ablc. The spasms occur when this hyperexcitability is suddenly 
enhanced by the appearance in the blood of considerable auto- 
antitoxin, due to a defensive reaction of the adrenal system 
evoked by the blood when it becomes sufficiently toxic to irritate 
violently the test-organ notwithstanding the paralyzing influence 
of the virus.* 

Lyssophohia or Pseudo-rabies^ a morbid fear of hydropho- 
bia in persons who have been bitten by animals supposed to be 
rabid, consists of a group of symptoms resembling true rabies, 
but including manifestations, such as attempts to bite, bark, etc., 
which arc popularly thought to belong to rabies. 

Symptoms and Pathology. — After a' period of incubation 
varying from one week to three months, and in rare cases ex- 
tending beyond this length of time, the premonitory symptoms 
appear. At first they resemble those of other diseases, irritabil- 
ity, anorexia, insomnia, depression and general malaise. Slight 
lieadache and rigors with some stiffness and even pain in the 
muscles of the neck, back and shoulder and arms arc frequently 
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complained of. The tongue is coated, the breath offensive, and 
the pupil is dilated. There may be slight fever, but in most 
cases the temperature is normal, and hypothermia is occasionally 
present. If the patient attributes his condition to the bite, 
brooding over its consequences may lead to melancholia and 
influence greatly the symptomatology of the second period of 
the disease. The wound, usually healed soon after the receipt 
of the injury, may be the seat of darting pains, become in- 
flamed along, perhaps, with neighboring lymphatic glands. 

Although occasionally rabies occurs long after the injury, most 
cases in which it appears beyond four months are not sustained by con- 
trol inoculations. Dradford'"^ states that “the incubation period in the 
human subject lies between 20 to 60 days, and it is exceedingly rare to 
have it appear after 3 months, and 6-months’ incubation is practically 
unknown.” As to the presence of low temperature. Sir Thomas Smith'-*"* 
observed a case which on admission had a temperature of 05® F. (35.50® 
C.) and a pulse of 56. Anders-’"® observed two cases in which the dread 
of the disease after bites resulted in persistent melancholia. 

The spasmodic stage is initiated by the symptoms due to 
excessive reflex irritability of the pharynx, larynx and (esopha- 
gus, the act of swallowing provoking refl(‘x spasm of their mus- 
cles, and therefore intense dyspnma owing to closure of tlio 
glottis. At first the difliculty is surmounted, hut the spasms 
finally become so intense that they inspire extreme terror, and 
the sight of water, by suggesting the act of deglutition, is suffi- 
cient to bring on a distressing seizure. Hence the term “liydro- 
phobia,” a misnomer, sin(?c it is the spasm that is feared. The 
patient is nevertheless extremely thirsty and sometimes controls 
himself sufficiently to drink; milk is taken more readily than 
water under these conditions, esj)ecially if given in a covered 
vessel. In some cases, deglutition is impossible and the liquid 
regurgitates by the mouth and nose. Even the saliva, which in 
rabies is viscid, tenacious and secreted in greatly increased 
quantity, causes spasm when swallowed, and is expectorated, 
sometimes in its normal state, sometimes mixed with froth, 
owing to the churning it receives in the mouth — ^the so-called 
^Trothing at the mouth.” 

The mucous membranes are not alone in a state of exalted 
irritability; as in tetanus, there is general hypennsthesia of 
the skin, and the special senses become so acute that a sligld 
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touch, a mere draught, a noise, etc., suffice to provoke a 
paroxysm. The orificial tissues, those of the anus for instance, 
are quite as sensitive, even rectal feeding causing spasm. Nor 
are the muscles of the upper respiratory and alimentary tracts 
alone involved in thej?e seizures; the entire muscular system, 
including both tlic voluntary and involuntary muscles, may, as 
ill tetanus or oven in epilepsy, undergo violent contraction. 
The muscles of mastication are, in most cases, alternately 
locked and relaxed, causing the snapping which pojiular imagin- 
ation has interpreted as efforts to bite. In truth, the jiatient, 
who is re!ativ(‘ly quiet and able to speak rationally (at least 
in the earlier part of tlie convulsive stage), during the inter- 
val between the spasms is usually solicitous aliout thosii who 
minister to his wants, llolling of the eyes and head, throwing of 
the limbs from side to side, etc., as in epilepsy, are also wit- 
nessed in some instances. 

As the case proceeds, the mental excitement increases, the 
patient talking incoherently. 41iis often lapses into the so- 
called ^Turious’^ ^tage, during whicli the patient is subject to 
waves of maniacal delirium, as it were, attended with delu- 
sions and liallucinations of a frightful nature. ^Fliis coineides 
with an ehivation of the temperature, n^aching in some cases 
105° F. (40.5° C.), a bounding, tense and raj)id pulse, flushed 
face and eyes, and sometimes cyanosis. Hie pulse may be- 
come small and irregular during a spasm developed during 
this stage — a danger signal of oncoming (‘ardiac (coionary) 
inliibition* and sometimes of immediate death.* Glycosuria 
and albuminuria arc also observed during this stage. 

The period of excitement finally passes into one of com- 
parative quietude. 44ic patient is then able to swallow with hiSs 
trouble and may be thought to be recovering. But it is in reality 
the onset of the lethal or paralytic period; the cardiac action 
becomes weak and irregular, and the respiration shallow and 
rapid. The patient then gradually lapses into unconsciousness 
and coma, dying by syncope or in the midst of a terminal tetanic 
spasm. I)(»ath usually occurs within the four days following the 
onset of the ('onvulsive period, but occasionally the patient lasts 
much longer. 
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In rare cases, usually in neurotic or debilitated subjects 
or after multiple lacerations, the phenomena are all of the 
paralytic type. After the usual premonitory symptoms, dys- 
phagia and attacks of spasmodic dyspnoea appear, soon followed 
by coldness, ana?sthesia and torpor of the extremities, especially 
the lower. Paralysis follows and gradually becomes general, the 
lethal course described above then progressing rapidly. 

Tlie resemblance of rabies to tetanus is not only very marked, but 
tetanus is sometimes atteiubul with distinct hydrophobic symptoms. In 
two cases reported by Roberts^ and Van Spanje,*®’- both in gardeners, 
ill which infection occurred through slight wounds of the face from 
pointed sticks, the phenomena were clearly those of rabies. Anders and 
Morgan^"* refer to a case of ietanus reported by .1. \V. Ward, in which 
the diagnosis of hydrophobia was maintained several days. The para- 
lytic form of rabies, that observed also in inoculated guinea-pigs and 
other animals, the rabbit, mouse, etc*,., is another point of similarity 
with tidanus. As to d(*ath occurring beyond the usual four days, 
Sweeney and Denny-’** refer to a case in which death occurred on the 
fourteenth day following the onset of the rabic symptoms. These au- 
thors correctly interpret what a study of a large number of carefully 
described cases indicates, Avhen they remark: “The exaggerated picture 
of rabies in the mind of the laity Jind of physicians who have care- 
lessly read text-books on the subject is never met with in actual prac- 
tice. The barking, biting, crawling on all-fours and other extrava- 
gant symptoms belong rather to the spurious or hysterical type of the 
disease.’* In a case of the latter kind described by Fabricius, the 
patient tried to bite, but he was clearly reproducing his conception of 
what a rabid man‘ should d(i — though in the ,midst of a sharp attack of 
alcoholic delirium from which he pnmiptly recovered. 

Etiology and Pathogenesis. — Rabies is due to the presence 
in the blood of a poison which violently irritates the vasomotor 
and sympathetic centers.* The resulting intense constriction of 
all arteries causes all the capillaries of the body to become 
correspondingly engorged by the blood forced into them, and 
the spinal (and in some cases the cortical) cells being thus ren- 
dered hypcrfcmic, they become, as in tetanus, excessively irri- 
table.* As the sensory terminals of the peripheral mucous 
membranes and skin are also rendered hypersensitive through 
hyperacmia of their capillaries, the least irritation of the sur- 
face provokes a violent reflex spasm.* 

The pharynx, larynx and (esophagus are the first to react, 


♦ Author's conclusion. 
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because it is to this region that an external irritant is applied 
when ingesting fluids or food. Irritation applied elsewhere, the 
surface, the anal aperture, etc., likewise produces spasm in these 
structures and in them only at first because they are nearest to 
the seat of the general centers primarily irritated, those in the 
pituitary body.* 

The presence of marked vascular engorgement has been emphasized 
by u large number of observers. Van (Jehuchten nnd Nelis,*"^ for in- 
stance, found “everywhere in the nervous system a vascular dilatation” 
and in some, “general thrombosis of the small veins with an excessive 
perivascular infiltration.” Babes^ had previously laid stress on this 
condition. In a case controlled by inoculations in rabbits by Ravenel, 
and reported by Krauss,-"" Wadsworth found “severe congestion of the 
cerebral and spinal meninges, numerous punctate liuitnorrhages in the 
spinal cord, and a rupture of the pleura.” In another case proved by 
inoculations, ,1. Douglas found “the brain moderately congested, also the 
pons and medulla and especially the lloor of the fourth ventricle.” 
Tchernisehefl* also found small luemorrhagf^s in the lloor of the fourth 
ventricle, besides intense hyperaunia of the white and gray substance of 
the cord, etc. Finally Anglade and Ohoireaux,““" in a s(*ries of compara- 
tive experiments, found that intense hyperaJinia appeared early and 
simultaneously in the blood-vessels anti neuroglia (which, as I have 
pointed out, are neural capillaries) and that these lesions were not 
specific to rabies, but were observed in other disorders, including epi- 
lepsy. As to the throat and (esophagus being the seat of spasm earlier 
than other structures being due to tlie proximity of the pituitary body, 
Bradford"^ refers to the fact that “a wound of the face, inasmuch as it 
is ncMir the central nervous system, is for that reason more dangerous.” 
The sensorium commune of the jiosterior pituittary is essentially the cen- 
tral motor system under these conditions, as I have shown. 

The primary cause of rabies is a specific virus, the nature 
of which lias not so far been (Ictcrniiiied, introduced into the 
bitten tissues with the saliva of the rabid animal. The develop- 
ment of the disease, i.e., the spasmodic period, which usually 
ends fatally, depends upon the antitoxic enicieucy of the bitten 
subject’s blood: — if this is adequate, as is the case in about 84 
per cent, of individuals bitten by rabid animals, the virus is 
soon destroyed and rabies does not develop; if it is not, the 
virus indirectly initiates the disease.* In the latter case the 
interval between the time of infection and the appearance of 
rabies constitutes the period of incubation, and the duration 
of this period is therefore proportionate with the antitoxic 
properties of the bl(X)d.* 

* Author' H roncluMon. 
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During the incubation the virus is likewise destroyed by 
the blood’s auto-antitoxin, but only in the arteries, arterioles 
and capillaries that contain leucocytes, because these cells suj)- 
ply the proteolytic ferment and nuclein which, with oxidase, 
form the auto-antitoxin.* As, conversely, adrcnoxidase-laden 
plasma devoid of leucocytes circulates in the nervous elements, 
i,e., the axis-cylinders, dendrites, etc., the neuroglia and neu- 
roglia-cells and all other neural capillaries, what virus pene- 
trates into them is not destroyed and it accumulates therein.* 
Hence the fact that the virus is found in the nervous system 
and not in the Ijlood.* 

The penetration of the virus into the nervous system is a normal 
result when, in aeeord with my views, all nervous elements contain 
plasma derived from the general (•irci ilation. 

The minute quantity of virus that is capable of causing rabies, 
and its presence in n^latively large quantiti(*s in the nervous system 
and some glands, and many other facts, involve the iummI of some organ- 
ism such as the bacillus tetani that is capable of secreting toxins. 
Bradford"®^ concludes a nwiew of the evidence to this elFect with the 
atatcnient that although “it cannot be said that the identity of the 
organisms of rabies has been clearly established” .... “tliere are 
many strong arguments in favor of the disease being of microbic origin.” 
He regiirds Jjcblanc’s statistics as to the proportion of persons bitten 
by rabid animals, and which place it at 10 pi*r cent., as probably the 
most accurate. 

l)ulK)ue“^^ is credited by Pasteur®"® with the statement that the 
virus “propagates itself insensibly even to the central nervous system 
along the nervous libers” — the first suggestion to this elfc«!t coniirmed 
by Roux and many others. Pasttuir, Burdach, Cattini, Di Vestea and 
Zagari®"* and others also found that the intra-nervous inoculation was 
the more effective in producing the disease experimentally. 

The attenuation of the virus obtiiined by Pasteur by inoculating 
monkeys in succession has not .so far been exjdained: it is readily 
accounted for by the presence of nuto-anti toxin — the proteolytic triad — 
in the blood of tliese animals.* Nor has the manner in which the prophy- 
lactic effects of the Pasteur treatment are produced beem shown : As 
I have previously pointed out,™” “the extract of desiccated cord injected 
raises the anterior pituitary body’s functions to their normal standard 
and sustains them until all danger is past.” In other words, it stimu- 
lates the test-organ and the blood of the exposed subject is rendered 
sufficiently rich in antitoxin to insure the destruction of the virus. That 
it is upon the functional efficiency of the adrenal system, therefore, that 
the development of rabies depends, is obvious. 

^rhe time finally comes, however — ^wceks in some, months 
in others — when the gradual decline of catabolic activity due to 
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this inhibition of the adreno-thyroid mechanism by the virus, 
provokes so great an. accumulation of toxic wastes in the blood 
that notwithstanding its torpor, the test-organ is caused to react.* 
The adrenals and the thyroid apparatus being stimulated, the 
blood receives a large excess of adreiioxidase and, as a result, a 
corresponding surplus of trypsin and leucocytes, the source of 
nucleo-proteid granules.* The thyroid apparatus being also 
and simultaneously activated, thyroidase accumulates in the 
l)lo()d along with the phagoc^ytes j)roduccd during the Icucocy- 
tosis.* On the whole, tlie blood suddenly becomi^s laden with 
auto-aiititoxin and germicidal cells, to ticstroy the virus if 2)os- 
siblc.* If this supreme effort — which marks an advanced stage 
of the disease — fails,* the paralyzing inlluenec of the virus con- 
tinues and death soon follows. 

The reaction to the accumulation of these toxic wastes, 
in other words, is the spasmodic period of tlie disease, the fully 
developed rabies.* ^i^iis disease differs only from tetanus in 
that the toxjemia is more profound, and in that the virus tends, 
owing to its paralyzing influence on the nerve-centers, to limit 
the convulsions of the extremities. The paralytic phase of the 
disease coincides with the time when, the virus having obtained 
the upper hand, it paralyzes the central nervous system.* 

The true Mction of the vims ia clearly illuatratrd by .the so-called 
“paralytic” form of rabies first described by Van Swieten, in 1771. 
Aiulers^^" refers to this disease os follows: “In man there is a jaira- 
lytic form of rabies, but it is rare as compared with the delirious or 
psychic type. Thirty cases have been reported by Clamal^ia, and it is 
apt to follow deep and multiple bites. The paralysis begins near the 
part bitten and spreads until it becomes general, finally involving the 
respiratory centers.” If the virus is a direct spasmogenic agent, why 
should tlie large quantities introduced fail to produce spasm? Experi- 
mental inoculation points in the same direction. Tn rabbits, guinea- 
pigs and other herbivora, the paralytic form is the prevailing one, as is 
well known. In rabbits, Di Vestea and Zagari observed that “from the 
fifth day after infection, the temperature rises with light febrile move- 
ments, to fall suddenly with the coming on of the first paralytic symp- 
toms until the resulting death.” We have in the febrile state the reac- 
tion of the adreno-thyroid center, but the convulsions witnessed in 
carnivora fail to appear. This obviously shows that the spasms are in 
reality grafted upon the true disease. 

Prophylactic Treatment. — Tf au extnmiity is bitten, a liga- 
ture sliould be placed immediately above the lesion to encourage 
bleeding and reduce the amount of virus distributed by the 


• Author's vowluHUm. 

Anders: “Practice of Medicine,” p. 359, 1905. 



RADIES. 


1493 


afferent vessels. The wounds and all their recesses should then 
be carefully cleansed and then asepticized with hydrogen per^ 
oxide, or a 5-per-cent, solution of potassium permanganate. 
Cauterization is of distinct value; nitrate of silver has been 
highly recommended, and pure carbolic acid likewise. Experi- 
ments have shown, however, that opening of the wound under 
anaisthesia and thorough cauterization with fuming nitric acid 
gave the best results. 

Gowers'*®' states that “it is doubtful whether the disease ever occurs 
if a stick of nitrate of silver is immediately plunged into a wound.” 
Yoiiatt*®* considers nitrate of silver sullicieiit; having obtained a fail- 
ure in a single case out of 400. F. Cabot’"® condiuited a series of com- 
parative experiments to determine which was the best cauterizing agent, 
and concluded that fuming nitric acid was the most effectual substanco 
for cauterization, ami that it W'as of great value if employed within 
the first 24 hours. J. C. Vaughan’*® states that a couple of drops suflicc 
in the wound made by a tooth. The slough soon separates, leaving a 
clean wound which heals readily. 

Agknts WiiTcii Inciieasb the Bacteutctdal and Anti- 
toxic PuovERTTKS OF THE Blood. — Pasteur’s preventive inocu- 
lations, we have seen, owe their virtue to their stimulating in- 
fluence upon the adreiio-tbyroid center; tliey cnbaiiec?, there- 
fore, ‘the efficiency of the body^s auto-pro toctivo functions.* 
The earlier the treatment is begun tlie better; as soon as tlie 
wounds are treated as above and dressed, tlie patient should lie 
sent to the nearest Pasteur Institute. The dog sliould not be 
killed, since the non-development of rabies in the animal within 
u few days affords proof that the bites were benign. 

Pasteur Institutes have been established in New York, 1113 West 
Twenty- third Stre(*t; Baltimore, corner of Saratoga and Calvert 
Streets; Chicago, 228 Dearborn Avenue. 

Other jjrophylactic measures have been suggested. Bouchard used 
successfully in animals a fluid obtained by filtration from rabies-infec- 
ted nervc-tissuc. Bab^s, in collaboration with Lep]), Cerchez and Telc- 
secu,®** likewise conferred immunity in animals with a scrum of inocu- 
lated dogs — a result also reached by Tizzoni, in collalwn-ation with 
Schw'artz®'® and Centanni,®” with sera obtained from rabbits and sheep. 
Those agents have failed to gsiin the confidence of the profession. Tlie 
serum recommended by Tizzoni is far more powerful than that of Bab(^s; 
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but the fact that it is obtained from herbivora suggests the reason for 
this : being poor in antitoxin, the blood of these animals is rieh in virus. 
Babes’s serum obtained from Carnivora is less dangerous, the virulence 
of the virus being initigiited by the potent antitoxin found in the blood 
of such animals; but in the Pasteur method the material used at first 
is obtained from spinal cords in which the virus has been rendered 
inactive, and it is only when (from my viewpoint) the blood has thus 
been rendered richer in antitoxin that the virulent cords are used. It 
is, therefore, tlic h^ast dangerous method of its kind. 

1*. B. Hadley*"* wrote rticently: “Of lf)08 cases treated at the New 
York Pasteur Institute previous to 1901, only four giive symptoms of 
disorders which could be traced directly to the treatment. Tliree had 
a partial paralysis of the lower limbs, lasting from one to three weeks; 
one patient had facial paralysis lasting four weeks. All of these 
cases made uneventful recoveries. The anti-rabic vaccinations may 
cause a slight n(»rvousness among neurasthenic and hysterical 
persons; but these disturbances are never serious and are extremely 
rare. As to actual fatalities, records show that out of 1367 persons 
treated at the New York Pasteur Institute in the years 1890 to 1900 
there were nine deaths, a mortiility of 0.65 per cent. In 1900, from 
January to September, at the New York Pasteur Institute, there were 921 
cases treated and two deaths, representing a mortality of 0.1 per cent. 
From October 1, 1904, to Octol)er 1, 1906, there were 486 treatments with 
one death, representing a mortality of 0.206 per eent. Reports from other 
institutes show about the same results; and finally, a compilation of 
statistics from the reports of the Pasteur Institute of Paris for the 
last twenty years shows that, out of 20,000 treatments, the mortality 
rate has been 0.25 per cent.” ' 

Unfortunately not every one can bear the direct and traveling 
expenses which the Pasteur treatment involves, especially in this (jountry, 
where the Pasteur Institutes are few. The need of equally active prophy- 
lactic agents, olVering also the advantages of being within the reach of 
any physician, is, therefore, very great. 

When the sjiasmoclic or seeond stage of rabies is allowed 
to develop, the patient is practically tloonied, his aiito-jirotective 
functions being virtually paralyzed.* lb is upon the efficiency 
of the preventive measures, therefore, that his life depends* 
Both the virus and the toxic wastes being destroyed by the 
blood^s auto-antitoxin, and thyroid extract causing a rapid in- 
crease of the latter, this remedy not only meets the (MUiditions 
of a powerful prophylactic, but being available everywhere, its 
use may he begun at once; 3 grains (0.19 gm.) sliould be 
given every two hours, in adults.* As its untoward effects are 
due to vasoconstriction of the cardiac coronaries, which, when 
excessive, inhibits the heart,* the action of the remedy should 
be watched; and if the pulse become weak or dyspmea appear, 
the dose should bo reduced. After the second day, 5 grains 
(0.3 gm.) three times a day after meals suffice to sustain the 
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antitoxic activity of the blood above the normal standard — 
above, in other words, the efficiency required to destroy the 
virus.* 

The pathologio<al kinship between rabies and tetanus, and the 
remarkable effects of thyroid extract in the tetanic convulsions that fol- 
low extirpation of the thyroid, distinctly point to this remedy as valu- 
able in this connection. We have seen that the proportion of adren- 
oxidasc can be gau^d by the coagulation time and that thyroid extract 
rapidly increases the blood’s coagulating properties, and that the propor- 
tion of adrenoxidase betokens a corres|)onding increase of antitoxin. 
Strychnine, we have seen, likewise enhances the formation of oxidase. 
Kleet-Surgc*on Thorpe®^® recently ascertained that a remedy used success- 
fully by the Chinese not only as a prophylactic, but as a cure in the 
early stages of developed cases, was a species of strychnos seed which, 
on analysis, gave the characteristic testa of briudne and strychnine, the 
former being in exc^ess. In India, an insect closely related to the ordi- 
nary cantharis veswatoria is used w'ith success, according to Kotak.®*® 
This coincides with the Russian method, i.e., hypodermic injections of 
potassium cantharidate, Vw to Vm grain (0.001 to 0.002 gm.), or 
tincture of cantharides, 10 minims (0.6 gm.) three times daily. Garlic 
is extensively used by the Arabs. All these agents are powerful adreno- 
thyroid stimulants — though all much less so than thyroid extract. 

Moreover, a number of observers have found that in vitro the blood 
destroyed the virus in from 15 to 22 hours; but, as previously stated, 
such experiments have but little value, the adrenoxidase being promptly 
reduced by the phosphorus-1 a<len nucleo-proteid in the plasma. 

Among other agents which pow^erfnlly stimulate the adrenal 
center and enliaiice, therefore, the production of auto-antrtoxin, 
arc the iodides ^ the biniodide of mercury, and diyitaUs, Tlie 
first iiaincd most nearly approximates thyroid extract as a 
prophylactic.* Less active as adrenal stimulants are strychnine 
and (luininc; but by stimulating, in addition, the vasomotor and 
motor centers, and causing general vasoconstriction, they cause 
accumulation of the blood in the cutaneous capillaries, including 
those around the injured area, where the auto-antitoxin can best 
destroy the virus.* Cocaine suggests itself as an enicient pro- 
tective agent in this connection, but tluj danger of initiating 
the cocaine habit should be borne in mind.* 

The rapidity with which the hydrochlorate of quinine drives the 
blood towards the periphery and thus overcomes a lcK;alizcd accuiiiuhi- 
tion of pathogenic orgiinisms, their toxins and detritus, is well shown 
by its effect in the treatment of furuncle. Even if the boil is one of 
a long series, .3 grains (0.18 gm.) every three hours cause a Hushed 
face, tinnitus, hc>adnche, etc., after eight or ten doses. When this stage 
is reached, the furuncle rapidly recedes. Tn some of my cases it began 
to do so after the sixth dose. This method should not be used in sub- 
jects in which arteriosclerosis is likely to be present. Smaller doses, 
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say 2 grains (0.13 gm.) with 1 grain (0.065 gm.) of thyroid, given in 
the same manner, soon increase the proportion of oxidase in the blood 
without, in the average case, causing cither tinnitus or the other phe- 
nomena mentioned. Cocaine might used in the manner I have indi- 
cated under “Coca and Cocaine." 

Heat is a powerful prophylactic. By exposing the bitten 
extremity of the body to a vapor bath until free sweating occurs, 
blood is not only drawn to the surface and, the injured area, 
but the proteolytic activity of its antitoxin is greatly enhanced.* 
The chances of insuring dcstniction of the virus are, therefore, 
correspondingly increased.* Its immediate use should be sup- 
plemented by another sitting, after the blood^s antitoxin will 
have been augmented by means of thyroid extract or one of the 
above-named adrenal stimulants.* 

We have seen that the proteolytic activity of ferments in auto- 
antitoxin is greatly increased by a marked rise of temperature. The* 
use of the vapor-bath was recommended by Buisson, and has been used 
successfully in many instances. The unsatisfactory explanations given 
as to its physiological action, and its use by laymen, have caused the 
method to fall into disrepute. But Shepard®" has collected a number of 
hona fide instances in w^hich it had been used sm^cessfully by physicians 
not only as a preventive, but also in fully developed cases. My inter- 
pretation of its physiological action accounts for these results. 

Irrespective of the Ihisteur method, the forc‘going measures appear 
to me ample to prevent the development of rabies in subjects bitten by 
rabid animals. 

As in tetanus, the diet is an important feature of the mor- 
bid process.* The fact that the spasmodic stage docs not, as a 
rule, occur in some herbivora, points to the need of avoiding 
the accumulation of toxic wastes derived from animal foods, i,e,, 
of prohibiting the use of meat until all danger is past.* The 
patient should also drink water freely in order to facilitate the 
elimination of end-products of metabolism. 

Treatment of Developed Babies. — In the light of my views, 
the measures recommended for the corresponding stage of 
tetanus are as applicable in rabies. The reader is therefore 
referred to page 1416. 

If used promptly, i,e,^ during the premonitory stage, these • 
measures, supplemented by others described below, may turn 
the tide in favor of the patient. As the saliva in cases of de- 
veloped rabies has been proved to be infectious, the attendants 
should carefully cover any abrasion that they may have on the 
hands or face. 

• Author's concluffion. 

Shepard: Jour. Amcr. Med. Assoc., Oct. 23, 1897. 
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As mercury and iodide stimulate most actively the adrenal 
center, it is apparent that thyroid gland must be effective in 
rabies as it is in tetany, but in larger doses, since the virus 
tends to paralyze the test-organ.* Either of the former agents 
may be used when the thyroid extract cannot be obtained.* 

Again, inasmuch as the spasmogenic agent is in rabies, as it 
is in tetanus, an autotoxin, the antitetanic serum meets the needs 
of the situation. It should be used in large doses, however, and 
injected into the median basilic vein.* Many of the successful 
cases reported had been bled; but as bleeding alone provokes 
tetany by diminishing the volume of fluid in which the spasmo- 
genic autotoxin is dissolved, it should be promptly supplemented 
by intravenous injections of saline solution. 

That spontaneous cure may occur has been shown experimentally 
by Iloffyea.*’^ Out of 1.59 animals in which the virus was injected in 
fatal (loses, recovery occurred in 1.3 instances in which Pasteur preven- 
tive inoculations were used. The seven animals treated by the Pas- 
teur method recovered. Laveran*‘® and Chantemesse"^ have likewise 
reported hona fide cases which led them to conclude that rabies was not 
necessarily fatal. Although the many cases cured dur.ing the earlier 
portion of the nineteenth century suggest the possibility of errors in 
diagnosis, the fact remains that, according to Lucas Benhani,®®* mercury 
held a prominent place in the 50 instances of recovery cited. Illing- 
worth“* recommends intramuscailar injections of the biniodidc of mer- 
cury with sodium iodide (1 to 50). 

The use of saline solution was praised by Magendie many years 
ago. The reasons adduced in favor of Baccelli’s carbolic acid treatment 
obtain as well in rabies, and there is reason to believe that it would 
prove very elTicacious in this disease, since, as observed by IJlasi and 
Travali, the virus is easily destroyed by antise[)tics, especially cn^olin. 
Moreover, the oral use of a solution of carbolic acid has been highly 
recommended by DCclat and Peyroulx'®’* as a prophylactic. 

The vapor-bath has occasionally given good results even 
when tlie convulsive period was well advanced. During the 
premonitory stage, the procedure may be carried out readily, but 
when the convulsions liave begun, it is sometimes necessary to 
fasten the patient to the bed or chair. 

Interpreted from my standpoint, as previously stated, the proteo- 
lytic, t.e., antitoxic, pro])erty of the blood is greatly enhanced by heat. 
Kellogg®** states that “the effect of the vapor-bath upon the laxly tem- 
perature is very profound, the rwtal temperature rising in the course of 
20 or .30 minutes to the extent of 3 to 4 degrees.” Again, “the axillary 

• Author' H eonrluMion. 

Hdgyes: Orvosl HetUnp, vol. v, p. 36, 1889. 

*'®Laveran: Semalne mfidicale, vol. xi, p. 180, 1891. 

sso ctaantcmesse: Ibid., vol. xl, p. 180, 1891. 

“‘Lucas Denham: Lancet, Mar. 1 to 15, 1890. 

■“Illingworth: “Abortive Treatment,** p. 19, 1888. 

«“ Ddclat and Poyroulx: “L’aclde phdnlque,’* Paris, 1874. 

■“ Kellogg: '‘Rational Hydrotherapy,’* p. 703, 1901. 
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temperature rises more rapidly and to a higher point than the rectal 
temperature.” Obviously the bath inhibits for a time the elimination of 
heat and thus provokes a temporary fever, which, like all febrile pro- 
cesses, serves to destroy the pathogenic element.* 

Huissoii’s own case hardly warrants the diagnosis of rabies; but 
instances of unmistakable rabies in which the Buisson method was suc^ 
cessfully employed were observed by Leon Petit, Ilermanee, Cameron, 
Gray and others.*-’® Some of these used the Turkish bath; but as Kel- 
logg says; “The temperature of both the rectum and the axilla rises 
much more quickly in the vajior-biith than in the Turkish or dry hot 
air bath.” Others apply the cold-shw^t after the vapor-bath; but this 
imposes upon the patient an unnecessary hardship, and drives the blood 
into the deeper vessels, including neural capillaries. The longer blood 
is kept in the peripheral capillaries, the longer, of course, the virus and 
the spasmogenic autotoxins will be exi)osed to the blood’s proteolytic 
action. 

Measurks Which Control Spasm. — Here, again, the 
measures recommended for the corresponding stage of tetanus 
are indicated, but only when their use is necessary to arrest the 
spasms or reduce their violence while the blood’s auto-antitoxin, 
augmented by cither of tlic remedies mentioned, is counteracting 
the paralyzing influence of the vims.* Tlie latter is in .reality 
the death-dealing agent in rabies, and to destroy it should be 
our aim.* The bromides, chloral and kindred drugs being 
themselves paralysants,* amyl nilrite inhalations are preferable, 
though the former cannot be dispensed with, as a rule. 

A ten-per-cent, solution of cocaine hydrochlorale sprayed, 
not into the mouth, where it is wasted owing to great amount 
of saliva secreted, but into the nasal cavities as far back as pos- 
sible, suggests itself as a valuable adjuvant to ))revcnt parox- 
ysms.* It trickles down the post-nasal cavities and the pharym 
geal wall and by ana?sthetizing the superficial sensory terminals 
of the latter, inhibits the intense reflex irritability so manifest 
in this region.* 

OHlcr»'-=® recommends the local application of cocaine, l)ut the quan- 
tity of saliva in the mouth and the irritability of the pharynx render thitS 
measure very diiricult. Free spraying into "the nose while tlie patient 
is in the recumbent position is readily accomplished. 

• Author’s rofwlusion. 

““Cited by Shepard: Lor. clt. 

Osier: "Practice of Medicine," third edition, p. 229, 1898. 



CHAPTER XXV. 


THE INTERNAL SECRETIONS IN THEIR RELA- 
TIONS TO PA^rilOGENESJS AND THERA- 
PEUTICS {Continued). 

PAIN-CAUSrNG DISORDEUS DUE TO llYPOACTIVITY OF THE 
ADRENAL SYSTEM. 

Balfour^ wrote a few years ago, referring to the patho- 
genesis of gout: “With all our increased accuracy in details, 
it does not appear that our ideas of what gout really is are any 
clearer or any better delined than those of our forefathers.^^ If 
anything, the obscurity surrounding this question may be said 
to have become greater, more rec^ent inv(?stigations having over- 
thrown those which ten years ago seemed of great promise. 
Even these modern products of the laboratory evidently rest 
upon a very weak foundation, for Graham Lusk in a recently 
published work^ (li)OG), closes a review of purin nudabolism in 
gout with the suggestive remark that “present-day doctrines 
concerning metabolism in gout may shortly Iweome entirely 
obsohde through new and far-reaching discoveries.” In truth, 
the labor that physiological chemists have devoted to this sub- 
ject, though fruitful as to valuable experimental facts, has re- 
mained sterile as to final results, and will continue to do so 
Ixjcause they persist in ignoring tin* cardinal functions of the 
adrenal secretions in metabolism and in the life process itself, 
where their work has proven as futile. Indeed, Lusk a’so writes*’' 
in this (jonncctioii : “However clearly formulated the laws of 
metabolism may be, and many of them arc as fixed and definite 
as are any laws of physics and chemistry, still the primary 
cause of metabolism remains a hidden secret of the living bio- 
plasm.” It is only by a broad and generous conception of all 
available lines of knowledge that we can ever hope to solve these 
great problems which, as we have already seen, involve several 
of the scourges- of mankind. 

^ Balfour; EdlnburKh Med. Jour., Juno, 1898. 

* Graham Lusk: “Tho Elements of the Science of Nutrition/* p. 287, 1906. 

* Graham Lusk: Ibid., p. 297. 
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In tlie present chapter I propose to show, not only that the 
internal secretions, as 1 interpret their functions, play a domi- 
nant role in the patliogenesis of gout, but also in two other pain- 
ful disorders closely allied to this disease, migraine and neuritis, 
including neuralgia. 

GOUT AND GOUTY DIATITESTS. 

Synonyms. — As to Gout: Podagra, As to the Gouty 
Diathesis: the Gouty Habit; Uriewtnia; Lilhwmia. 

Definition. — 'Fhe ‘"gouty diathesis*' is a chronic disorder of 
metabolism, due to inability of the adrenal system to insure, 
through its active agent, the auto-antitoxin (leucocytic and ])las- 
matic), the conversion of food nuclein into harmless, eliminable 
end-products. "Fhis inability may be actual, i,e,, due to hypoae- 
tivity of either of the organs of the fidrenal system; or passive, 
these organs, though normal, being unable to j^rovoko the for- 
mation of sulliciciiit auto-antitoxin to insure catabolism of the 
excess of wasters with which the lymph and blood are burdened 
.when overeating is indulged in. In either case the blood con- 
tains more or less toxic wastes of the puriii type, which incite 
the various disorders usually ascribed to the gouty diathesis.* 

Acute gout is the indirect result of an exacerbation of 
chronic interstitial nephritis due, in turn, to the presence in the 
bl(x)d of wastes which aggravate this renal disease. ^Fhe free 
excretion of the sodium salt of uric acid, sodium biurate, being 
prevented, its crystals accumulate in great part in the joints, 
owing to the absence in their synovia, under normal conditions, 
of auto-antitoxin and jdiagocytcs. The acute attack is incited 
by a local inHammatory j)rocess which entails the presence of 
these defensive agents and the conversion of sodium biurate into 
simpler products, especially urea, to facilitate their excretion. 
If this process is imperfectly carried out, the sodium biurate 
accumulates about the joints, forming tophi.* 

Symptoms and Pathology. — An attack of acute gout is 
generally preceded by premonitory symptoms, i.e., disorders of 
digestion, anorexia, flatulence, foulness of the tongue, vertigo, 
irritability — or the converse, mental torpor and drowsiness — 
palpitations with a tense, hard and sometimes irregular pulse, 


* Author* 8 definition. 
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obstinate constipation, irritative cough, tinnitus auriiim, mus- 
cular cramps, neuralgia, perversions of sensation, especially at 
the extremities, chilliness, etc. Any of these symptoms may 
occur in groups which may be said to vary with each case, each 
sufferer having, so to say, his own set of precursory signs. 
These usually cease, however, immediately before the onset of 
the acute attack*; in fact, the patient may feel unusually well. 

These phenomena do not always culminate in an attack of 
gout; they are the expression of a condition which has been 
termed lithwmia, urntmnia, nriraciihvnna, uriewmia, etc., which 
may appear as readily in subjects who have never suffered from 
acute gout, as in those who have. In the former, however, the 
symptoms arc less marked : the tense, hard pulse is replaced by 
a slow pulse, and irritability with depression of spirits, gastric 
disorders with marked acidity and nausea, constipation, vertigo 
and throbbing headache, constitute the symptom-complex in the 
average case. Eczema and other cutaiieons disorders, hay-fever, 
migraine, asthma, pharyngitis, and many other disorders have 
been ascribed to litluumia. 

The onset of the acute attack usually occurs at night, the 
patient being awakened by a very intense pain in the metatarso- 
phalangeal joint of the great too. Other articulations, those of 
the great toe of the otlier foot, the fingers, knees, elbows, etc., 
may then become involved in the morbid process. Any of these 
joints may bo the seat of the initial attack, especially if pre- 
viously injured. The affected joint becomes the seat of great 
tension and throbbing, and the excruciating pain is still further 
intensified by the slightest touch or motion. After a fi‘w hours, 
i.e,, towards dawn, relief is experienced, and the patient, aft(*r 
j)erspiring freely, is able to sleep. Some pain is expcTienced 
during the succeeding day, when the affected joint is found 
swollen, shining, tense and very tender. The acut(* pain only 
recurs the following night and thereafter each succeeding night, 
with daily remissions, until the attack ])asses off. 

During the acute attack, the tem])eraturc is somewhat 
raised, i.e,, 100° to 102° P. (37.8° to 38.!)° C.) and the pulse 
likewise from 80 to 100. In the affected joint, however, the 
opposite is the case, the temperature being considerably lower 
than that of the body at large, sometimes as much as (5° P. 
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(3.3® C.), Though thirst is usually marked, anorexia and even 
aversion for solid foods are often correspondingly great. There 
is nausea, rarely accompanied by vomiting, and, as a rule, con- 
stipation. The urine presents almost typical changes: it is 
scanty, acid and highly colored, its specific gravity being high. 
Uric acid and urates are precipitated on standing. The urine 
of subjects suifering from “litlucmia” or ^^iricacidiemia” — the 
so-called gouty diathesis — presents precisely the same character- 
istics. Albumin and sugar are also present during acute attacks 
of gout. 

As the attack progresses, the atfecti'd joint or joints become 
somewhat cedeniatous — a symptom especially notieeable when 
large joints arc involved. About the fourth or fifth day, all the 
acute symptoms begin to recede; tlie inflamed joint gradually 
becomes less painful, and desquamation occurs, tbe pain being 
rej)laced by tenderness, itching — sometimes quite severe — and 
stilfness. 

Su(Ji an attack usually lasts from six to ten days, but remis- 
sion may appear and greatly prolong it. 41iis is apt to occur 
in cases of long standing. When complete recovery is reached, 
the patient may ho in better health than before the attaiik. 

llecuiTence of a seizure may at first take place only after a 
year, but the intervals usually become shorter as time progresses 
until the attacks recur repeatedly in a twelve-month. As they 
become more frequent, the pain loses its severity, but the patient 
steadily becoiii(*s weaker, the joints do not as readily resume 
their freedom of action, and may remain, in fact, swollen and 
sensitive, the case lapsing into one of chronic gout. 

In asthenic cases of long duration metastasis sometimes 
occurs, the so-called metaslnlic or relrocedmt (joui, the symp- 
toms, including the pain, in a joint suddenly disappearing, to 
reappear abruptly in some internal organ, the heart, brain, stom- 
ach, testi(?Ies, bladder or parotid gland. When the heart receives 
Ihe brunt of the attack, its action becomes irregular and there is 
severe priccordial pain and dyspneea. '^fhe most prominent cere- 
bral manifestations are violent excitement with severe headache, 
or, conversely, hebetude; these may be associah'd with the gas- 
tric metastatic symptoms, namely, vomiting and diarrhoea, with 
severe gastro-intestinal pain and marked weakness. In the 
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other organs named the phenomena are those of aeute inflam- 
mation, viz., cystitis, orchitis and parotitis. Metastatic gout of 
tlic heart and brain has been attended by sudden death. 

Chronic gout generally occurs, as already stated, in cases 
weakened by repeated attacks, particularly in those of long 
standing, and in aged subjects. ' The alTectcd joints then fail to 
undergo resolution and remain stiff and swollen. Tophi or 
liard masses of urates then form over them, causing them to 
become nodulated and greatly deformed. So great arii these 
accumulations in some instances that dislocation of the joint is 
caused, ^.riie skin may also be stretched to such a degree that it 
sometimes breaks, allowing the chalky masses to fall out or to 
remain exposed. W’hen the large joints are the seat of these 
accumulations, they become rigid, and the patient is gradually 
transformed into a cripple. Especially is this the case when 
the softer structures, the periosteum, tendons, bursop, etc., arc 
invaded by the morbid process. Almost any portion of the 
body, in fact, may become the seat of deposits, the eyelids, the 
cornea, the (crystalline lens, the cartilages of the ear, nose, the 
skin, etc. 

Pathogenesis. — The cause of the sym])toms attributed to 
a ^^gouty diathesis” and of those witnessed in acute gout, is in- 
adequate catabolism (jf certain food-products. As the etficicncy 
of all catabolic (/.c., digestive) processes in the body is de- 
pendent upon the adrenal system, it is primarily to the inability 
of this system to provoke the formation of onougli adrenoxidase, 
nuclein and trypsin — auto-antitoxin — that the morbid process 
is due.* 

The inadccpiacy of the adrenal system is only relative, Le., 
is not due to actual functional debility of the adrenal center and 
other organs of the adrenal system, in most cases of “litluemia” 
or gout caused by excessive indulgence in animal food and wines 
containing considerable alcohol, etc.* Even the (^xci^ssive stim- 
ulation to which the adnmal center is submitted in such cases, 
as shown by the n^sulting arterial tension, the peripheral hyper- 
annia, the congested face, etc., is inadequate to free the blood of 
toxic wastes by breaking them down to simpler and benign end- 
products.* 


• Author' 8 conclusion. 
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In the majority of cases, however: those in which heredi- 
tary predisposition is present, those due to insufficient food and 
squalor (^^poor man’s gout”) or to overwork, physical or men- 
tal, or to chronic lead-poisoning, both ‘^lithaemia” and gout, 
acute or chronic, are the result of actual functional weakness of 
the adrenal system, and to the imperfect catabolism of waste- 
products which this entails. 

This relegates the primary cause of gout to a nervfe-centcr, that 
of the adrenals, which governs all nutritional processes. Cullen, over 
thirty years ago, attributed to the nervous system the primary role in 
the pathogenesis of gout. Leven, of Paris,* Mortimer Granville,® Sir 
Dyee Duckworth and others have strongly urged the same view, i.c., that 
the accumulation of the pathogenic elements was the result of a neu- 
rosis. Vindevogcl, of Brussels," more clearly defined the nature of tho 
central disorders, i.c., “an cnfeehlemcnt or lessened activity of the 
trophic nervous centers, and a loss of ecpiilibrium between the processes 
of assimilation and disassiniilation, by which the products of disintegra- 
tion are rendered incomplete or toxic to the economy.” 

The pathogenic infiucnce of debility of the adrenal center may be 
illustrated by the connection between lead and gout, urged by Garrod 
(1859), Dickinson, Lancereaux, Rosenstein, Leyden and others. Nob6- 
court,’' in a comprehensive study of the subject, found that it followed 
slow intoxication, that it appeared at about the same age as ordinary 
gout, i.e., during the fourth decade, and that tho gouty diathesis evoked 
by lead could be transmitted by heredity. Now, Lemoine and Joire" had 
previously ascertained that the metal interfered with cataholism, thus 
favoring the formation of uric acid and urates. Ta'lthje® found the 
blood loaded with uric acid in saturnine gout^ — a fact which available 
knowledge could not ex|)lain. It is clearly account<*d for, however, by 
the fact that lead markedly depresses the functional activity of the 
adrenal center, and, therefore, the production of adrenoxidase. The 
paralytic phenomena, the wrist-drop, the w'asting, etc., also show that 
it reduces nutrition, t.c., that its action is a debilitating one. Bou- 
chard has pointt^d out that gout is a result of “slowed” nutrition, i.e., of 
inhibited metabolism. “Poor man’s gfuit” likewise exemplifies the influ- 
ence of impaired nutrition in the pathogenesis of the disease. 

The gastro-intestiiial disorders observed in nricapmic or 
gouty subjects are tlie normal outcome of the imperfect gastric 
juice and auto-antitoxin produced, since tho gastric glands, as 
well as the pancreas, arc themselves inadequately nourished when 
the supply of adrenoxidase in the blood is subnormal.* This 
applies likewise to the muscular coats of the stomach and intes- 
tines; hence the gastric dilation and constipation, the post- 


• Aiifhor'a conrluftlon. 

♦Leven: Med. Record, May 26, 1888. 

* Mortimer Granville: Med. Tress and Circular, Feb. 15-22, Mar. 1, 189.1. 
•Vlndevogel: “Nature, Causes, and Conditions of Gout,” Brussels, 1892. 
^ Nob6court: Semaine m^d., Apr. 23, 1897. 

1892 * Joire: Gazette mCdleale de Paris, 8 s^rie, T. 1, pp. 1, 13, 

•LUthJe: Zelt. f. klin. Med., Dd. xxlx, S. 266, 1896. 
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prandial discomfort, the nausea, the acidity, the flatulence, etc., 
observed in such cases.* These are not manifestations of gout : 
they are the expression of the debilitated condition of the gov- 
erning center of nutritional processes, i,e,, the adrenal center.* 

The gastro-intestinal digestive functions being imperfect, 
the products of digestion arc correspondingly unfitted for 
absorption. As it is this material which the digestive leuco- 
cytes take up in the intestinal canal for conversion into nuclco- 
proteid granules, i,e., into living tissue-chromatin, they become 
laden not only with what products of digestion are suita])lc for 
assimilation, but also with products that have been imperfectly 
digested.* The leucocytes thus gamer in the alimentary canal 
materials which are foreign to their own intrinsic functions and 
which ultimately become the pathogenic elements of gout.* 

That broken-down leucoeylt^s can be the source of the pathogenic 
elements of gout was suggested by IJorbaczewski/® who held, , however, 
that there was a constant proiK)rtion betwetm the nunil>er of white cor- 
puscles and the amount of uric acid excreted. The latter conclusion was 
refuted by Kolisch*'* ami others, and is likewise dcfe(*tive from my stand- 
point, since we are dealing with a physiological — and therefore momen- 
tary — leucocytosis which invariably attends digestion, and not with the 
leucoeytosis tliat occurs <luriiig disease, though Chalmers Watson'- 
found myelocytes in the blood in the interval and during an acute attack. 
The fact remains, howevt^r, that hmcucytes are now the recognized source 
of th? pathogenic element:i of acute gout, especially since tlie investiga- 
tions of Burian and Schur‘® and Mar0s’\ The hitler observer found, 
moreover, that an increase of uric acid excretion occurred immediately 
after meals. This coincides with clinical observation. A. Robin,*'' for 
instance, considers “the leucocytic origin of uric acid as ilcfinitcly 
settled” and says, referring to great meat-eaters: “The blood contains 
an enormous quantity of leucocytes. This is what is termed digestive 
leucocytosis.” 

On reaching the tissues, or rather the pericellular lymph- 
spacps, the leucocytes deal out their luiclco-proteid granules, and 
these are absorlied normally hy the tissue-cells, and converted 
into living substance, i.e., chromatin.* Tn addition to these 
physiologically normal elements, however, the leucocyte's simul- 
taneously secrete products of disintegration formed in these cells 


• Author’ g concluMm. 
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out of the imperfectly digested food-stuffs absorbed by them in 
the alimentary canal.* Their two products differ totally, there- 
fore, in that the granules are useful bodies built up by the leuco- 
cyte, while the abnormal substances are products of disintegra- 
tion ejected by the cell as unfit for the elaboration of living sub- 
stance.* 

The identity of these wastes depends upon the stage of dis- 
integration they have reached when ex(;reted by the cell, and 
this, in turn, depends upon the digestive activity of the intra- 
leucocytic ferment: (1) When the adrenal system is debilitated 
and the production of adrenoxidase is deficient, the cell is itself 
poorly supplied with this substance and the heat-energy liberated 
through its reaction witli the cellular nuclein is inadequate to 
raise the proteolytic activity of the cytase, Lc., the cell’s own 
proteolytic ferment, to its full potency.* As a result, imi)erfect 
disintegration occurs, and the materials ejected by the leuco- 
cyte* arc intormediate waste-products, ix., alloxuric or purin 
compounds: xanthin, hypoxanthin, purin, adenin, etc., — all de- 
rived from nucleins (and not from proteids). Several of these 
bodies, especially xanthin and hypoxanthin, arc poisonous; they 
are not only tlie pathogenic elements of the so-called “gouty 
diathesis,” ^^uricannia,” ^^litluemia,” etc., but tliey also play an 
important role in the pathogenesis of migraine and other disor- 
ders. (2) When, conversely, the adrenal system is adequate 
and an ample supply of adrenoxidase is available,* the proteo- 
lytic process is carried on further, and instead of the toxic inter- 
mediate wastes just referred to, the leucocytes excrete a sub- 
stance which, though not poisonous in itself, may, under certain 
conditions, provoke acute gout, namely, uric acid. 

The fact that, as I pointed out in the fifteenth chapter, leucocytes 
ingest food-products to convert them into tiRsue elements, harmonizes 
various discordant views. Horbaezewaki believed that nucleins w'ere not 
the direct source of uric acid; ho concluded, however, that they pro- 
voked leucocytosis, and that these leucocytes, when broken up, were the 
source of the uric acid. Since the latter has been known to originate 
directly from nucleins, this interpretation has been generally discarded. 
Still, the prevailing view, as stated by IlammarsLm, is that “the uric 
acid, in so far ns it is produced from nuclein bases, is in part derived 
from the nucleins of the destroyed cells of tin* Ixidy f tissue cellsl and 
in part from the nuchn’ns or free bases introduced with the food.” If, 
however, ns f have pointed out, it is the function of the leucocytes to 
ingest all food- products, uric acid is, as was suggested by Horbaezewski, 
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derived from these cells (mainly secreted by them with their granules 
in the lymph-spaces, according to my interpretation), though derived 
from nucleins, in accord with his opponents. Even his belief that Icuco- 
cytosis played a part in the process is warranted, provided we consider 
it a digestion leucocytosis. llorbaczewski can be said to have been 
radically wrong only in believing that uric acid was not derived directly 
from nucleins. 

Anotlier important feature of the problem is the identity of Hie 
process through which the nucleins are converted into xanUiin, uric 
acid and otlier piirin compounds. Contrary to the prevailing belief that 
“oxidation” is the direct agent, E attribute this role, in keeping with tlic 
views advanced in the lifteenth chapter, to a trypsin-like enzyme whose 
nueleolytic activity is sustained by heat-energy liberated by the int^^r- 
action of adrenoxidasc and nuclein secreted by leucocytes. This vimv 
harmonizes with modern experimental evidence in the present connec- 
tion as it did when studied in its relations to the digestive process in 
the alimentary canal, the leucocytes and the tissue cells, as may be shown 
by a few salit'iit facts. 

The process of uric a<*id formation described by Kossel and Fischer 
was reviewed in the first volume.*’ Brielly, tlu'y showed that the allox- 
uric or purin compounds, including xantbin, hypoxanthin, ete^, and uric 
acid, were disintegration-products of the nucleins, nucleo-proteids or 
nucleic acid of many articles of food. lTorbacz(^wski then found that 
the purin compounds could be converted into uric acid, and, moreover, 
that when spleen pulp, which is rich in nuclein, >vas fed to man or ani- 
mals, the out[)ut of uric acid W'as increased. Krligcr and Schmid” then 
found that when xantbin, hyjxixanthin, guanin or adenin was adminis- 
tered to men, the output of uric acid was likewise augmented. These 
facts clearly point to food-nucleins as the source of uric acid and to the 
latter as an advanc(?<l disintegration-product. 

That a digestive ferment is the active factor in the process is sus- 
tained by recent research. Mendel,** for example, says in a recent (100(i) 
paper: “JOnzyines are no longer thought of exclusively as agents of the 
digt^stive apparatus; they enter everywhere into the manifold activities 
of cells in ailmost every feature of metabolism” — a fact fully in accord 
with the functions E have ascribed to the “digestive triaid.” On ])age 131) 
of the lirst volume I wrote: “llorbaczewski, in a series of exp^friinents, 
observed that splenic ]uilp, allowed to digest several hours with blood 
at the body temperature, gaive rise to a marked increase of uric acid and 
nuclein bases, but that the, relative amounts of these products depended 
entirely upon the degree of oxidation.” In other words, simple digestion 
— and therefore a limited supply of oxygen — ^gave xantbin and hypoxan- 
thin; the addition of oxygen, on the other hand, caused the formation 
of uric acid. Now, the constituents of the triad were obviously ])rcscnt: 
the phosphorus-laden nuclein in the splenic pulp; the adrenoxidasc, ren- 
dered very active by an artificial supply of oxygen, in the red corpuscles 
and plasma; and the trypsin in the leucocytes and plasma. 

It now becomes a question whether the tissues contain a ferment 
capable of converting purin bases into uric acid. Such was found to be 
the case recently by Schittenhelm.'" Alcohol inhibited the action of this 
ferment — precisely as it does, we have seen, that of adrenoxidasc. More 
to the point, however, was the observation of Burian,-" that muscles, and 
particularly the liver and spleen, contain an oxidafic w'hich can convert 
hypoxanthin into uric acid. This piwess also requires a free supply 


Cf. vol. 1, p. 137 et !*cq. 
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of oxygen. That, in view of these experimental facts, a deficient supply 
of adrenoxidase should entail an accumulation of these toxic wastes in 
the body is self-evident. 

Uric acid, though itself harmless, becomes pathogenic when, 
owing to imperfect elimination, from any cause, it is allowed to 
accumulate in the body. It may then give rise to acute gout. 

All important pathogenic factor in this connection is gran- 
ular atrophy of the kidneys, a condition in which the permeabil- 
ity of these organs is more or less reduced. It occurs in 
individuals who have suffered during a prolonged period from 
the so-called ^^uric acid diathesis,” individuals in whom, 
owing to insufficiency of the adrenal system, the blood is more 
or less laden with purin compounds.* These l)odies, xanthin, 
paraxanthin, adenin, guanin, etc., are not only toxic, but they 
irritate sufficiently the renal epithelial elements, while being 
eliminated, to provoke after a given time the local organic 
lesions which interfere with the free excretion of uric acid. 

A temporary accumulation of these poisons in the blood 
during an exacerbation of lithajmia may also cause a suflBciently 
marked renal congestion to interfere with the free elimination 
of uric acid and thus provoke an access of gout. 

As is well known, considerable uric acid is found in the blood 
in leukteinia; and yet these cases do not siifrer from gout. In these cases 
the kidneys are permeable. Conversely, Levi son who first drew atten- 
tion to tlio ])uthologica1 importance of renal lesions in gout, writes: 
“In all described cases of gout in which the post-murtem examination is 
mentioned, the kidneys have been found diseased, and in almost all cases 
they were suffering from granular atrophy.” Luff, moreover, found 
uratie deposits in 41 cases out of 77 cases of granular kidney. Levison 
also states that in all such cases, “the iK)wcr of elimination of the kid- 
neys as regards uric a(‘id, as well as various other suhstanei'A, is dimin- 
ished,” and that “the consc<pience of this defective elimination of uric 
acid is its retention in the blooil (von Jakseh).” Since these lines were 
written cases of gout and lithaania have been reported in which no renal 
lesions were found after death, but if we take into account the well- 
known fact that the kidneys readily become congested under chemical 
irritation, it is evident that their permeability ^may readily be com- 
posed during life, though no lesions be discernible or few. 

That purin compounds, xanthin, hypoxanthin, adenin and guanin, 
are the renal irritants, while uric acid per .ve is not, was first shown 
by Gaucher, in 1884. This was fully confirmed by Kolisch,®' whose con- 
efusion was based on observations which included exp(!riments by Tandler. 
The renal lesions thus produced artificially were found by Paltauf and 
Albrecht to be identical with those found in gout, (h-oftan''^ also found 
that lx)th xanthin and hypoxanthin, whem inj<*cted hypodermically in the 

• Author's conrlusion. 
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strength of 0.3 to 0.7 per cent, watery solution, for a period of several 
months, produced granular degeneration of the epithelial cells lining 
the convoluted tubules and a proliferation of the endothelium of tho 
intertubular capillaries. 

If renal lesions — or inflaminatbry impermeability — arc necessary to 
provoke gout, lead-gout should likewise be attended with such lesions. 
Levison, referring to the experiments of Charcot, Binet, Coen and 
d’Ajutolo, and to clinical observations “in persons exposed to lead- 
))oisoning,” says that “one of the earliest and most constant symptoms of 
this disease is a patliological change of the renal tiibuli conducive in 
rather a short time to granular atrophy of the kidneys.” Moreover, 
Carrod,-* and others since, found uric acid in the blood of cases of 
chronic lead- poisoning. As lead depresses the functional activity of the 
adrenal center, and inhibits, therefore, the formation of adrenoxidase, 
the cause of the renal lesions is the same as in gout, i.c., inadequate 
cleavage of ingested nucleins and the production of xanthin, hypoxanthin, 
etc. Again does it become evident, therefore, that gout is primarily 
due to any toxic capable of causing adrenal insulliciency. 

In the '"gouty diathesis** or "lithcemia** some of the symp- 
toms arc due to the primary depression of the adrenal system, 
namely, tlic gastro-intestinal disorders, as already stated, the 
vertigo, the d(‘pression of spirits and the slow pulse — all mani- 
festations of inadecpiate oxygenation.* Other symptoms, how- 
ever, arc the result of the imperfect catabolism whieli this inade- 
quate oxygenation entails, the pathogenic agents thus formed 
being poisonous intermediate wastes of undetermined nature, 
but which include xanthin, paraxanthin and other purin bases. 
They do not include uric acid, however, since this substance is 
tluj normal end-product of nuclein catabolism, which is as harm- 
less in itself and as readily eliminated by the kidneys as is the 
normal end-product of protcid catabolism, urea. Among tlie 
symptoms produced by these toxic subcatabolic wastes are those 
due to the penetration of the poisons into the axis-(;ylinders; 
cell-bodies, dendrites, and other nervous elements, along with 
the adrenoxidase circulating through them.* IFence tluj migrain- 
ous headache, the neuralgia, the shooting pains, or the opposite 
states: amesthesia and other para^sthesias. and also the extreme 
nervous irritability so frequently observed in these eases. 

The symptoms of the so-called "irregular** or "atypical 
gout** observed in litlueinic subjects, and which sometimes alter- 
nate with attacks of true gout, are due to the same subcattabolic 
poisons, including also xanthin and other purin compounds, but 
not to uric acid. In addition to the lithmmic symptoms just 


• Author* fi roncf union. 
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enumerated, these poisons give rise to eruptions and pruritus 
(as excretion products), flushes of heat, sometimes limited to the 
palms and soles, muscular pains, especially in the back, and 
inflammatory phenomena in various organs, Le., the bronchi, 
pericardium, bladder, gums, etc., and also in the vascular walls, 
leading to arteriosclerosis. Many other disorders, migraine, 
(‘pilepsy, tetanus^ eclampsia, etc., in which these subcatabolic 
poisons play the leading role arc reviewed in this chapter. 

In both of the above syndromes — which in reality differ 
only in name — certain of the phenomena are due to a direct 
action of the subcatabolic poisons upon the centers in the pitui- 
tary.* The flushes of heat and a febrile process in which the 
temperature is raised two or ihrci) degrees F. are often con- 
comitant genej’al phenomena which ])oint to excitation of both 
the adrenal center and the sympathetic center, and to inenjase 
of the propulsive activity of all arterioles.* Fever denotes here 
an effort to raise the iiucleolytic activity of the blood, i.c., its 
asset in auto-antitoxin, find thus to convert the subcatabolic 
poisons into uric acid, into a benign eliminablc end-pro- 
duct.* 

Uric acid ia found in the urine of man and other carnivorous 
mammalia, and abundantly in that of birds. Tn the latter and in the 
scaly amphibians, in fact, “the greater part of the nitrogen of the urine,*' 
as stated by llaiiiniarsten, “occurs in this form.’* Tt is evident that in 
these animals it occurs as a terminal waste-product, that as such it is 
itself non-toxic, and, finally, that it is eliminated physiologieally, tliat is 
to say, without injuring the kidneys or any other organ. That uric 
acid is non- toxic even in large doses was shown experimentally by 
lioucliard.® This was fully confirmed by Croftan,"" both as to large 
quantities, and as to small quantities given hypodermically a long time, 
i.r., three months. Microscopical c^xaininatinii of the kidneys in the 
animals of the latter series revealed no abnormalities. Deposits of 
urates were foxind in none of the structures examined, including tho 
synovial membranes and joints. 

We have seen that xanthin paraxanthin, etc., produced marked 
irritation of the kidneys; Salomon,*'^ Filehne,'^ Paclikis and PaP® and 
llaehford,®® have shown that these substances can provoke various ner- 
vous disorders, including migraine, muscular rigidity, tonic spasms, and 
also marked arterial tension, arteriosclerosis, dyspnoja, cyanosis and 
rigor mortis. Paraxanthin obtained from the urine of a case of mi- 
graine which lapsed into “epileptoid** tonic spasms, described by Kach- 
ford, reproduced the latter — “almost a tetanus** — in mice. Salomon 
found that 0.0005 gm. (Viao gr.) sufficed to tetanize a mouse fatally. 

• Author's conclusion. 
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Croftan,*^ moreover, found in all so-called uric acid disorders, “an abso- 
lute increase over the normal of the sum of uric acid and alloxuric 
bases” and considers the latter as the only true pathogenic agents. He 
also attributes their formation to deficient oxygenation, for “if oxy- 
genation is sufficient,” says this investigator, “we have the fonnatioii of 
uric acid; this is the normal process.” This obviously brings us back 
again to debility of the adrenal system us the primary cause of all 
so-called “uricacidajmias.” 

These facts indicate, moreover, that xanthin and paraxanthin are 
not only renal irritants, but also intense neural excitants. These phe- 
nomena are readily accounted for since I have shown that the blood- 
plasma, the carrier of these jioisons, circulates in the neural elements 
themselves, axis-cylinders, the fibrils of the cell-bodies, the dendrites, etc. 

'^^riic premonitory symptoms of acute gout are similar to 
those of “lithfEiuia” and ‘^irregular” gout and are due to the 
same subcataholic poisons. Here, however, tlic pathogenic in- 
fluence of xunthin, paraxanthin, etc., assumes tlie primary role. 
It is to the renal disorder evoled by these poisons that the attach 
of acute gout is due when the (piantity exeretcid is suflicient to 
provoke marked hyperaunia or inflammation, wliethcr the kid- 
neys be previously diseased or not.* Hence the facts (1) that 
the premonitory signs cease before the onset of acute attack, 
(xJ) tliat they are not always followed by an access, or (3) that 
between the premonitory signs and the onset of acmte gout 
there is usually a period of relief and well-being — all the result 
of a more or less complete renal elimination of the alloxuric 
poisons with what pr()j)ortion of them may have been further 
catabolized into uric acid.* The attack of gout fails to develop 
if the kidneys are left permeable after this eliminatory process; 
conversely, it develops if the renal congestion produced is suf- 
ficiently active to iiiliibit markedly the excretion of uric acid 
and to cause it to be retained in the body in sufficiently large 
quantities. 

Although renal disease is probably present in the vast majority 
of eases of gout, as we have seen, it cannot itself be the direct cause 
of the attack, since the latter would be continuous — in keeping with the 
renal lesion. As the average attack usually lasts but a few days and is 
followed by a period of health, it is evident that a temporary exacer- 
bation of the local lesions or an ephemeral inflammatory process is neces- 
sary to account for it. Xanthin, hyiwxanthin, etc., being irritants of the 
renal elements, become normal causes of this temporary morbid pro- 
cess, especially in view of the fact that even ’argi? doses of uric acid 
given orally or hy])odermically. arc harmless. 

Although under these conditions, the excretion of uric acid or its 
salts during the attack must vary with the functional efficiency of the 
diseased kidneys, the nucicolytic activity of the blood, etc., and therefore, 
to a great extent, in difTereiit cases, anil at different times in the course 

• Author*8 conclusion. 
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of a given case — ^as observed clinically — the fact remains that various 
authors have noted a sudden diminution of the uric acid excretion imme- 
diately before the acute attack. His/^ for example, found that while the 
average quantity of uric acid excreted by lithsemic subjects was similar 
to that excreted by healthy persons, “an acute attack of gout was prac- 
tically invariably introduced by a very marked depression in the quan- 
tity of uric acid, or even its complete disappearance. This occurred on 
the day before the attack in 10 instances, two days l)eforc the attack in 
2 instances, and three days before the attack in ‘A instances.” This is 
explained by the course of events outlined in the general text: the 
uric acid accumulated in the body (owing to increasing renal indamma- 
tion) during the one to three days preceding the attack, and the latter 
broke out as soon as the volume of uric acid reached a suilieient level. 

Altlioiigli carried by tlic blood-stream to all parts of the 
organism, nric acid accumulates in fluids such as the synovia of 
joints, lymph, etc., and tissues such as (*artilage, ligaments, ten- 
dons, bursas etc., because it is not as actively exposed therein to 
the substances which in the blood serve to antagonize its mor- 
bid eirects.* Gout being in reality a febrile disease, and the 
expression of an auloprotective function, the blood becomes 
loaded with defensive materials, namely, leucocytes capable of 
acting not only as phagocytes, but also as the purveyors of the 
trypsin and nuclein which, with the adrenoxidase dealt out by 
the red corpuscles, constitute the auto-antitoxin.* As uric acid 
can be further catabolized under these conditions to still simp’er 
products, urea, allantoin, glycocoll, and other bodies more read- 
ily excreted by the congested kidneys than uric acid, the blood, 
especially while in transit through the liv(T, is kept relatively 
free of uric acid as long as the febrile process lasts. Not so, 
liowevcr, with the joints (and nerv(*s) and other structures 
enumerated. In synovia, for example, the red corpuscl(?s and 
leucocytes arc absent under normal conditions, and uric acid 
failing to be destroyed therein as elsewhere, it accumulates in 
tlie joint.* During the attack the latter is the seat of an exuda- 
tion containing many leucocytes, but as coinpared to the blood, 
very few red corpuscles. As the local supply of adrenoxidase, 
of which these cells are the carriers, is deficient, the heat energy 
available to raise the catabolic efficiency of the trypsin is far 
below that of the blood, and the curative process is slow in pro- 
portion. Hence the fact that the temperature of an affected 
joint in gout is sometimes as much as 0° F. (3.3° C.) lower 
than that of the body at large.* 

• Author's conrluHion. 
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In the joint affected the lesion is that of a low grade of 
inflammation, involving, however, a certain degree of softening 
of the exposed cartilage, and penetration therein of the acicular 
crystals of the sodium salt of uric acid, f.e., sodium biurate. 
The curative process therein is a counterpart of that carried on 
in the blood. It is efficient, therefore, in proportion as the 
activity of the adrenal system is marked, i.e., in proportion as 
the relative volume of adrenoxidase, nuclein and trypsin in the 
fluids is great.* As leucocytosis is likewise comiiiensiirate, all 
else being equal, with the adrenal activity, there is (1) brc'aking 
down of the uric acid salt into simpler products, especially urea, 
by the auto-antitoxin, and (2) phagocytosis of the detritus — ^the 
cartilage being left somewhat granular.* 

As stated by Lazarus llarlow,*® “it has been repeatedly proved 
by quantitative analysis that the amount of uric; acid in the blood is at 
its maximum immediately before an attack of gout, and diminishes imme- 
diately after the attack has subsided. This, taken in conjunction with 
the fact that the crystalline sodium biiirate is actually found in joints 
that have been the seat of gouty inflammation, is sufficient evidence 
tnat gout depends upon the retention of uric acid.” Analysis of these 
statements, which are based on a comprehensive view of the literature 
of the subject, will indicate that my interpretation of the proc'css — 
that submitted above — is in accord with experimental iwidimce, bedsides 
harmonizing with the conclusions submitted in the foregoing pages. 

“The power of the animal organism to catabolize uric acid like 
other nitrogenous compounds” is considered by Mendel, “one of the 
fruits of modern researcli which has profoundly changed our attitude 
toward the problems of purin metabolism.” Wohler and Frerichs,®* 
Wiener''® and others have shown that uric acid could be destroyed in 
great part in the organism, and more or less completidy converted into 
urea. Salkowski, Mendel, Brow'ii, Minkowski have pointed to allantoin 
as an important product of uric acid, Wiener to glycocoll, etc. Chas- 
sevant and llichet,''® Ascoli’'^ and others found that the liver played 
a very prominent part in this process. Schittenhelm'"' recently found 
that two sets of ferments were concerned in this process, one of which 
hydrolyses and detaches the ammonia group, while the other oxidizes 
and breaks down the uric acid. The former is obviously the trypsic 
ferment and the latter adrenoxidase.* 

That the joints should, conversely, be the seat of slow catabolism, 
is shown by the fact that even during active inflammation the local 
temperature is relatively low. Thus, Balfour’® refers to “the absence of 
excessive heat in joints affected with gout” and to the fact that “some 
observers have found such joints lower in temperature than surround- 
ing parts.” Dyce Duckworth^® observed- a difference of five degrees. 

• Author* 8 conclusion. 
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James Tyson^^ also says that *‘thc local temperature, notwithstanding the 
sensation of heat, is five or six degrees below that of the axilla at the 
same time.” 

The urine often shows clearly tlie presence of renal obstruction: 
we have seen that it is scanty, highly colored, etc. While the uric acid, 
excreted in twenty-four hours before and during the attack, may be 
markedly reduced, as emphasized by Bartel, Dyce Duckworth and 
others,'*^ having obtained but 0.2 to 0.5 gin. (3 to 8 grains) from 
100 gms. (S'/a ounces) of urine (which in health gives 1 to 1.5 gm.), 
along in some cases with all excrementitious products, the end of the 
attack is characterized by a free excretion of urea and uric acid which 
continues several days. Still, the clinical evidence on this score is quite 
contradictory. This is readily accounted for by the fact that the catabol- 
izing properties of the blood and the degree of renal disorder may bo 
said to vary with each case. 

When the uric acid salts or biuraics accumulated in joints 
(and elsewhere) i'ail to be adequately broken down to simpler 
products, they accumulate in situ, forming tophi. At first mor- 
tar-like and soft, these nodules gradually harden, and as succeed- 
ing acciimulaiions occur, the joints become increasingly anky- 
losed and distorted. The development of tophi, i.c,, of chronic 
gout, is due to debility of the adrenal system, i.e., to insuffi- 
ciency in the body-fluids of the “digestive triad, Le,, of auto- 
antitoxin, of the sensitizing thyroidase. and of the phagocytic 
leucocytes whose mission is to prevent such accumulations by 
ridding the regions attacked of all detritus.* 

Wc have seen that chronic gout occurs in cases weakeiiPil by re- 
peated attacks and in aged individuals — all subjects in whom debility of 
the adrenal system is self-evident. As stated by Levison, “the urine in 
chronic gout is pale and watery” and contains “casts of renal tubuli, 
hyaline or granulated,” evidence of marked renal implication, while “the 
patients are weak and pale.” fiideed, as taught by Bouchard^’’ over 
twenty years ago, the phenomena often observed in chronic gout, (edema, 
cardiac lesions, cerebral and gastric disorders, etc., are in reality renal, 
and the patient dies of his renal disease. 

Treatment. — Miusuiuiis Tndicatkd Dukinu ax Acutk At- 
tack. — Bctw't?cn the use of “flannel and paticru'c” recommended 
by Cullen and the modern local hot-air bath at 300° P. and 
above, applied to the afr(H;ted joint, are many devices such as 
the hot douche, the local sweat pack, the local vapor bath, 
radiant heat, the hot dry pack, etc., the application of hot 
alcohol, hot anodyne liniments, etc., which, wlieri judiciously 
employed, prove v(Ty efficacious. The mode of action of heat 

• Author’s conclusion. 
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in this connection illustrates that of remedies which, given inter- 
nally, have likewise been found useful. During the attack, the 
affected joint, we have seen, is invaded by leucocytes which sup- 
ply it with this ferment and nuclein, while red corpuscles, the 
purveyors of adrenoxidase, arc relatively few. Though trypsin 
and nuclein are plentiful, tlierefore, in the exudate the adren- 
oxidase is scanty, and the heat-energy liberated when it com- 
bines with nuclein is insufficient to raise the activity of tlie 
trypsin to a level that will insure prompt conversion of the 
accumulated uric acid into benign and cliininablc products.* 
As the source of the heat-energy required in the process is imma- 
terial, hot lotions, hot dry air, etc., are cff(?ctive in proportion 
as they are able to raise the temperature of the interior of the 
joint to a level at which trypsin, t.c., the lo(?al auto-antitoxin, 
becomes very aedive.* TTence the relatively great efficiency of 
hot dry air, which brings to bear upon (lie surface greater heat 
than any other procedure. Manmge, when it can be borne, 
liastcnft lo(;al resolution by a simitar process.* 

Wc liav(! aeon tliat, aa stated by Ham mars ten, temperature exerts 
“a very iriiportani indiience’* on ferments. Iloborts'^ allowed, moreover, 
that the aetivity of trypsin increased with rising temperature until 
00® C. was reached. Artificial heat was used liere, the trypsin being 
in vitro. Active (jongestion of the joint, encouraged by using it, is lienc- 
ficial in much the same way. Balfour^® refers to several cases montioncil 
by Cullen, Sir William Tem])le, Oairdner and others, who “walked 
off” their attacks, and to BoerhaaAVa a<lvice to take mueh and continu- 
ous exercise, and to rub the affected part, etc. Any procedure which 
increases the activity of the local circulation not only augments the pro- 
portion of “digestive triad” supjdied to the part, hut raises also the local 
temperature, and hast(*ns the removal of iletritus.* llciice the recog- 
nized value of massage. 

Appropriate purgatives at the outset of an dcuto attack 
serve several purposes: they enhance the catabolic activity of 
tb(' blood not only in the liver where the )>i’eaking down of toxic 
wastes is most aedive, but also in the body at large, and tbereby 
tend to arrest the aceumulaiion of uric arid in the joints.* 
Moreover, by increasing the excretory activity of the intestinal 
canal they reduce the work imposed upon the kidneys and 
diminish the congestion of these organs.* 

Most active in tliis connection are tlio morenrial purgatives. 
As they stimulate powerfully the adrenal center, the production 

• Author's emetmion. 
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of auto-antitoxin is increased and the specific action of these 
agents on the liver enhances actively the destruction of uric 
acid.* Calomel or blue-mass gives excellent results. Colocynth 
and jalap have likewise been used, but their effect upon cata- 
bolism is much less marked. A saline purgative given -after 
either of these materially aids the beneficial effect by cauajiig 
flushing of the intestine with a serous discharge. 

The bpneficiiil artion of calomel has been emphasized by Grimm." 
Having employed it expecting merely a purgative effect in a case, ho 
obtained marked amelioration in the condition of the joints. Similar 
results were then observed in 18 out of 20 cases which form the basis of 
his report, l^evison states that in England, where gout is especiall}' 
common, practitioners often begin the treatment “by the administra- 
tion of a free purgative: calomel and jalap or mistura sennve com- 
posita.” 

The remedies which have held their own in gout, produce 
their main effect by aciting much m do eholagogue purgatives. 
Colchicum is the most prominent of these agents. Like purga- 
tives, it increases general catabolism in the blood, and partic- 
ularly in the liver. Given in excessive doses, however, or too 
long, it stimulates poAverfully, not only the adrenal center, but 
also the vasomotor and sympathetic centers, producing not only 
a marked increase of vascular pressure prejudicial to the kid- 
neys, but also exposing the heart to inhibition by causing undue 
constriction of its coronary arteries.* The danger-signals are 
active purgation and weakness of the heart’s action with, per- 
haps, some irregularity. It is to its action on the sympathetic 
center and the constriction of the peripheral arterioles that it 
owes its analgesic property, the supply of arterial blood to the 
sensory terminals of the skin being thus, reduced.* In the 
average case 10 to 20 minims (0.61 to 1.22 gm.) of the wine 
may be given every throe hours. Colchicine is preferred by 
many clinicians, the dose being V»o grain (0.0013 gm.) every 
four hours, or better grain (0.00065 gm.) every two hours. 
The drug should be withdrawn when the pain is controlled 
(usually within 48 hours) or when purgation is marked,* -^he 
Carlsbad ivaters owe their marked beneficial effects in gout to 
their main constituent, a purgative salt, sodium sulphate, and to 
the ingestion of considerable water which their use entails; the 

• Author*a conclusion. 
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active ingredients of Scudamore’s remedy are also purgative 
salines, magnesium sulphate and magnesia. 

Colcliicum is. generally considered as a specific for gout. H. 0. 
Wood*' states that “so far as our knowledge reaches, colchicum or its 
■alkaloid, when given in therapeutic doses, produces no definite syinp- 
‘^toms save purgation.” That it does more, however, is shown by evi- 

quoted by this author. As I previously stated, the curative pro- 
cedi^B due to the breaking down of uric acid into simpler products, 
urea, for instance: Christison found “in the colchicum-urine the propor- 
tion of urea nearly double;” in rheumatism, Maclagaii** also found that 
“the proportion of urea was very greatly increased.” This is not con- 
troverted cither by the observations of (« raves and Giirdner, that the 
urates {total) “dimiTiish under the use of the medicine,” since the pur- 
gation deviates the excridory current from the kidneys, or by those of 
Noel Paton,*“ who found that “small doses of colcliicum increased very 
distinctly the elimination of urea and uric acid, as well as the amount 
of urine; while large doses lessened the amount of urinary secretion 
and increased slightly the daily elimination of urea and uric acid” in 
dogs. Although the kidneys were, of course, not diseased, the catabolic 
action of the drug is emphasized by the elVect of small doses, while the 
derivative action of purgative doses is shown by that of the larger doses. 
In the light of niy views, therefore, the experimental testimony is not 
discordant, as generally believed. 

The phywsiological action of salicylic acid and the salicylates 
in gout differs only from that of colchicum in that these drugs 
do not provoke purgation. By stimulating the adrenal they 
enhance the blood’s catabolic activity, especially in the liver, and 
promote thereby the elimination of urea and uric acid.* As 
does colchicum, they relieve pain by stimulating the sympathetic 
center (a process that entails the same danger of arresting the 
heart when used recklessly), and thus causing constriction of 
the peripheral arterioles.* By thus reducing the blood supplied 
to the cufcineous capillaries, they lower the superficial tempera- 
ture (its so-called antipyretic action).* 

Some clinicians prefer the salicylate of sodium to colchi- 
cum, but the great majority regard it as inferior to the latter. 
Ten grains (O.G gm.) every two hours give the best results. 
Many other preparations of salicylic acid are now available, but 
all act more or less actively in the same way. 


^TTie action of the salicylntos on the liver ia often overlooked. 
Woffi, however, aays in this connection: “The belief of many clinicians 
that the salicylates have a distinct action in stimulating the biliary 
secretion seems to have a solid experimental foundation” and refers to 
the researches of Morcigne,®® Bain, Pfaff and Balch. As to their action 


• Author* » conclusion. 
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on metabolism, he states that tlic experiments have been **so numerous 
and concordant in their relations as to prove that in the normal man or 
animal, salicylic acid and its preparations increase to a very great 
extent the elimination of urea and uric acid.” 

Haig^^ observed that sodium salicylate failed when there was gen- 
eral debility, and in sequence to colchicuni. In the former case, the 
adrenal center is itself sometimes too debilitated to react under the 
relatively weak stimulation of the salt, though it would act under a moro 
jK>wcrful excitant, potassium iodide, for instance.* That it should not 
act after colchicuni is obvious, since the latter drug is the more powerful 
adrenal stimulant.* 

Curative properties arc ascribed to piperazine mainly be- 
cause it forms with uric acid in vitro a urate which dissolves 
in forty-seven times its weight of water. ]n practice, however, 
though it tends to increase the excretion of urea and diminisiv 
that of uric acid, it does not produce effeiits indicating that in 
the blood-stream it behaves as it does in vitro, and it has been 
found less ellicicnt than either colchicuin or the salicylates by 
the majority of clinicians, in acute gout. '^Jliere is ground for 
the belief, however, that it tends to prevent the development of 
acute attacks by stimulating sufficiently the adrenal center to 
insure the breaking down of renal irritants, xanthin and hypo- 
xanthin, into urea.* It is administered in the form of ^^piper- 
azine water,^’ a quart of which (contains 15 grains (1 gm.) of 
piperazine. During acute gout this quantity is given in divided 
•doses; as a prophylactic one-half of this, Lc,, 1 pint (500 gms.) 
daily is sufficient. 

The large quantity of water thus taken is uncpiostionably an 
important feature of the remedy’s action. Still, Jliesenthal and 
Schmidt'^' obtained beneficrial effects with the salt itself. Schweninger^ 
found it especially eiricacioiis when given with considerable wat(*r. In 
the form of “piperazin water” it has been found eflieacious by Wilcox, 
Pago/-’ Kshner"" and others, in various gouty conditions, as well as by 
a large number of foreign observers. 

The ingestion of large quantities of pure water during an 
attack and in disorders due to the gouty diathesis facilitates 
greatly the elimination of uric acid by the kidneys, owing to the 
lower specific gravity of the blood-fluids produced. This action 
is enhanced, however, when alkaline mineral waters arc used 
instead, especially those of which sodium carbonate and sodium 

* Aiithf}r*8 conclusion. 
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chloride are the main constituents. They not only increase the 
fluidity of the blood, but facilitate osmosis, the sodium ion acti- 
vating simultaneously cellular metabolism, and, therefore, cata- 
bolism. When in acute gout the fever is at all marked, the free 
use of beverages of this kind is of paramount importance. 

Over fifty years ago, Guelle showed that pure water ingested in 
large quantities iiuToaaed the elimination of uric acid, and that after 
this process had cc^ntiiiued a few days, the excretion fell and aornetiines 
ceased, the blood having bc(m, so to say, relieved of all free uric acid. 
Robin*" recently confirmed this observation and noted tliat in women 
who, to reduce lleah, avoided fluids, the urine became dense, loaded with 
uric acid, and that renal lithiasis followed. The rOlc of the blood- 
salts in osmosis has bcMui reviewed at length elsewhere. Both Jacques 
Loeb and Overtoir'" have shown that “the Nations of the blood as well 
as the sea-water are essential for the maintenance of life-phenomena.” 
The importance of the alkaline salts in all febrile processes was em- 
phasized ill a preceding chapter. In stations such as V^^ichy and Carls- 
bad, where the waters are strongly alkaline, the temporary aggravation 
is sometimes witnessed; this is due to the liberation of pent-up uric 
acid, through increase<l osmosis, and is rightly considered by the local 
physicians as a favorable sign. Sir William Roberts’s belief that 
sodium salts are harmful in gout is not sustained by practical evitleuce. 
As stated by Burney Yeo,®” “notwithstanding the experimental evi- 
dence to the contrary, it has been amply demonstrated that the alkaline 
sodium salts have an effect upon the hepatic functions and do favorably 
influence gouty conditions,” 

Prophyl ACTIO Treatment. — Having ascribed the pre- 
monitory symptoms of acute gout, the various phenomena 
included under tlic ^^gouty diathesis, and chronic gout, to a 
common cause,* the measures indicated arc necessarily similar 
in all these supposedly different conditions^ a fac^t sustained by 
clinical experience. 

The pro[)hylactic measures indicated, in the light of the 
pathogenesis described in the foregoing pages, are (1) to reduce 
the intake of nucleins and thereby the purin bases of which they 
are the source, and (2) to enhance the functional efficiency of 
the adrenal system in order to insure the adccpiate conversion of 
toxic intermediate wastes into nontoxic and climinable end- 
products.* 

Reduction of the Tntalce of NueJeinfs . — The toxic interme- 
diate waste-products being all nuclein derivatives, the patho- 
genic activity of food-stuffs is commensurate with the quantity 
of nuclein they contain. Especially rich in tliis connection are 

• Author* H coneluftion, 
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glandular organs, such as liver, thymus (sweetbread) and kid- 
ney. This applies likewise to brain tissue, an enormous aggre- 
gate of nerve-cells, the cell-bodies of which all contain nuclei. 
Muscle tissue, i.e., meat, is less rich in this particular, but hypo- 
xanthin and xanthin are the main purin product of its nuclein. 
Beef extracts and the gelatinous extracts of tendons, bones, etc., 
are likewise rich in nucleo-albumins which yield the same purins 
— those, we have seen, that irritate the renal elements, and 
which take part in the i)athogenc8is of the various disorders of 
the ^^gouty diathesis.” 

The glandular tissues, sweetbread, liver, etc., should he 
strictly avoided. As to meats, the indications vary with the 
case; in excessive eaters, especially those subject to cutiineous 
disorders and in patients who suffer from migrainous attacks, 
flushes, etc., a temporary — a year or two at most — omission of 
heavy meats, Le., beef, mutton, pork and veal, from the diet, and 
the concurrent ingestion of at least a quart of pure water daily, 
is often very efficacious, Tn debilitated subjects, on the other 
hand, in which no evidence of renal lesion is present, lean beef 
may be allowed, but simultaneously with remedies that stimulate 
the adrenal center.* 

Milk, fish, poultry and eggs, vegetahles, fruit, especially 
strawberries, oranges and apples, butter, light bread and biscuits, 
with tea, coffee or cocoa in moderation, etc., are all permissible. 
Alcoholic beverages, malt liquors, sweet and heavy wines, arc 
never beneficial and are not craved for when water is taken in 
large quantities. As alcohol bcc*omes oxidized in the blood it 
antagonizes catabolism, and thus tends to aggravate the morbid 
process.* IMeals should be taken at regular intervals. 

Tn view of the experiments of Oaneher, confirmed by Kolisch, 
Tandler and Croftmi, as to the pernicious influence of xanthin and 
hypoxanthin iqion the kidneys, Halliburton’s statement"" that meat diet 
causes an increase of uric acid “mainly because it increases the exo- 
genous uric acid from the purin bases, especially the hypoxanthin 
which it contains” is suggestive, since it is obvious that inadequate 
catabolism must increase the proportion of the latter and tend to pro- 
mote not only renal lesions, but also general “gouty” disonlers. 
Kionka and Frey"*^ recently confirmed the observation of Kochmann, that 
excessive meat-feeding caused organic lesions in the. liver and kidneys, 
and also those of Walker Hall, in rabbits, in which similar lesions 


* Author's conrluHton. 
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were produced by injections of hypoxanthin. Robin"- found experiment- 
ally, that in man the addition of collagenous parts of meat, bones, liga- 
ments, etc., to the diet, increased markedly the production of uric acid — 
which would mean that of hypoxanthin and xanthiii in debilitated sub- 
jects. For the influence of alcohol the reader is referred to the article on 
this agent. 

Measures to Increase the Functional Activity of the Adretuil 
System , — Those of our remedies which approach nearest the 
normal physiological stimulant of the adrenal thyroidin, in its 
effects, namely, iodine and its salts, especially the potassium and 
sodium iodide, are of recognized value in this connection, when 
employed in gradually increased doses, beginning with 5 grains 
(0.3 gm.) three times daily in a tumblerful of water. Thyroid 
extract is also efficacious, but not in the large doses usually rec- 
ommended, which increase too suddenly general metabolism and 
increase the waste-products in proportion; 3 grains (0.2 gm.) 
after meals may be given without increasing the dose.* Oxyyen 
inhalations begun the third day after beginning the use of the 
thyroid extract will hasten the curative process, since at that 
time the blood will be found by the coagulation test to contain 
a larger proportion of fibrin ferment, i.e,, adrenoxidase.* (See 
also p. 782, vol. i.) 

Among other agents that have been found efficacious are 
strychnine and nm: vomica, which not only stimulate the adrenal 
center, but also the vasomotor center, thus causing constriction 
of the mesenteric trunks and projection of the blood towards 
the peripheral capillaries, including those of the liver* where 
poisons are most actively destroyed. Strychnine is only of real 
use, however, in debilitated cases, attended with pallor.* This 
applies likewise to iron, to promote the formation of hemoglobin. 

The value of the iodides in gout is well known. Bain"" found 
potassium iodide of '^peculiar value” in chronic gout, and that it retarded 
the development of vascular and renal changes. ITaig employs the 
sodium iodide with success, using in conjunction, sometimes, ammonium 
chloride. I have found thyroid extract, when used as recommended 
above, of considerable value in gouty cases in which migraine was a 
prominent symptom. Inhalations of oxygen gas were employed by 
Croftan®" with “striking” results, “both ns regards amelioration* of the 
subjective symptoms” as well as lal)oratory findings. That this meas- 
ure should prove of still greater value when the blood’s adrenal secre- 
tion is increased by means of thyroid extract, seems obvious. Strych- 
nine has been recommended by Robin"" and others. 

• Author* a concluaion. 
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MIGRAINE. 

Synonyms.— A' icfc Headache; Megrim; Hemicrania; Bilious 
Headache. 

Definition. — Migraine is due to marked liyperieinia of the 
nerves and nervi nervorum of the painful area, the result, in 
turn, of abnormal constriction of all arterioles, excepting those 
of that area which fail to contract owing to functional weakness 
(sometimes due to organic disease) of their walls. The general 
constriction of the arterioles is due to excitation of the sympa- 
thetic (‘enter by toxic wastes, probably of the puriii group, which 
accumulate in the blood owing to hypoactivity of the adrenal sys- 
tem, the insufficicnc^y of auto-antitoxin reducing corn'spondingly 
the catabolic propcirties of the blood.** 

Symptoms and Pathology. — Migraine corresponds with epi- 
lepsy in its pathogenesis and symptomatology, and the latter 
may, therefore, be divided into three stages: (1) a prodromal 
stage or aura, (2) a stage in which the sympathetic system is 
morbidly acitive, and (3) a stage in which the vasomotor over- 
activity is superadded.* 

The prodromal stage or aura diffc^rs from that of the epi- 
leptic aura, in that it is relativ(ily prolonged, lasting minutcis, 
hours, or days evem, in some cases. It may include one or more 
of the following phenomena: a sensation of pressure at the seat 
of oncoming pain, (huk or bright spots, flashes and other lumin- 
ous sensations, impaired vision, tinnitus, olfactory and other 
sensory aune, vertigo, confusion of ideas, hallucinations, visions, 
h(?bctu(]e, somnolence and despondency, ana»sthetic areas in the 
scalp and face, aphonia, etc. In rare instances the premonitory 
signs occur during sleep,. in the form of extdting dreams, violent 
nightmares, etc. Anorexia, nausea and creciping chills are com- 
mon precursors of the migrainous atta(ik, however, which usually 
begins in the morning. 

In the sympathetic variety, tlie ordinary migraine, the 
patient is pale, the features are c(mira(;ted and the surface is 
relatively cool, the temporal arteries being small and tense. 
The pain, at first dull, then more or less acute, is usually unilat- 
eral and often located in the supra-orbital, frontal and temporal 

* Authnr'H conclusion. 
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regions; sometimes, however, it extends to the parietal and even 
the oeeipital regions. In some cases, the disorder is (juite local- 
ized, the site ot‘ pain being hypersensitive, wliile the surrounding 
tissues are relatively cool and insensitive. Unilateral salivation, 
lachrymatioii and diaphoresis are occasionally observed. In 
rare instances, the pain leaves one region to appear in anotlier, 
which may be quite remote, the stomach, for instance, tlieii sud- 
denly returns to its former location. 

Vomiting may occur early in the course of the seizure, but 
usually it heralds recovery. At the end of a Tew hours, some- 
times days, the patient falls asleep and is soon about. Such 
attacks occur with more or less regularity, perhaps once a month, 
every other week, etc., year after year, in nuMi they often cease 
after middle life, and in women aftc^r the menopause. 

This form of migraine is primarily due to irritation of the 
sympathetic center.* 

This form, Dubois-Raymontrs angiospastic hcmicrania, is now gen- 
erally attribiitca to a disorder of the sympathetic; systcmi. MollendorfT 
and Lathain““ both attributed migraine to morbid activity of this sys- 
tem, but “in consequence of a dcfcKjtive control or inhibition by an 
exhausted or eiifcc;blcd cerebro-spinal system.*’ Tlie kiuslnp with epi- 
lepsy is now gcmerally recognized. Rachford,^^ for instance, says, in a com- 
prehensive study of this rejationsliip: “All writers on this subjt^ct are 
agi’ced that migraine and cqiilepsy arc kindred distnises, and that this 
kinship is so close tliat these disenses are not infrequently twin inh(*ri- 
tances from the same neurotic aiic;estors,” and refers to "I’isset, Parry, 
Liveing and Gray as having emphasized this kinship, by eases in which 
epilepsy appears, and the c;pilepsy returning when the migraine disa])- 
pears.” Spiller**® likewise lays stress on tliis kinship. In a (*ase re- 
ported by H. C. Wood’" the paroxysms began as a migraines including 
the prodromes; this lasted two or three hours, then la])sed into a typical 
epileptic lit, the patient frothing at the mouth, biting his tongue, etc. 

The pain, in ibis form of migraine, is due to mark(‘(l (;on- 
gestioii in the area involved, the result, in turn, of a passives 
strictly localized, dilation of the arterioles of that aren.* 
While all the other arterioles of the body contract under the 
impulses received through their sympathetic terminals, the arter- 
ioles of the region afTccted fail to do so, owing to h'sions of their 
muscular layer.* Tlu* nerve region being rcndcriHl intensely 
hyperanuic — since the blocking of all other arteries tends greatly 

♦ Author* f* conclusion. 
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to increase the local blood-pressure — severe pain, due mainly to 
pressure and hyperaemia of the local nervi nervorum, is caused.* 

The general sympathetic constriction of the systemic arterioles is 
shown by the marked relaxation of the abdominal viscera, i.e., the 
stomach, intestines, liver, etc., to which French clinicians, G16nard, 
Trastour, Dujardin-Bcauinetz and others, have called attention. Their 
observations were fully confirmed by the more recent researches of Man- 
gelsdorf,’'® in 409 cases, all of which, with one exception, had marked 
gastric dilation. Examination of a large number of cases suffering from 
nervous disorders failed to show this symptom, with the sole exception 
of epileptic subjects. Constriction of the gastric arterioles readily ac- 
counts for this phenomenon ; the blood supplied to the muscular walla 
being inadequate, they relax.* Tliia applies as well to any organ, since 
the irritability of the sympathetic is of central origin, and, therefore, 
general — in opposition to l)iil)ois- Raymond’s view, that it is limited to 
the cervical sympathetic. Tiie many cases in which tingling and other 
forms of para^sthesia occur in various ])arts of the lK)dy also i)oint 
to a central origin. 

As to the localized vasodilation which gives rise to pressure upon 
the nervi nervorum, Mollendorff, Latham, Guttmann, VVillcs and Ellen- 
burg have all held that the local lesion was attended by vasodilation 
and hypenemia, though unable to account for these phenomena apart 
from the general statiunent that they were of “sympathetic-tonic” origin. 
Ilenschcn, Nordslrfim and Koscnbach, and Runf^ found lesions in the 
muscles of the painful areas of the face and scalp. The arteries of these 
areas being sometimes found to have undergone arteriosclerosis, as is 
well known, the pathological cause of their tendency to remain patent 
(while those of normal regions contract) is self-evident. 

The second, or vasomotor form, corresponds with major 
epilepsy, in that irritation of the vasomotor center is super- 
added to that of the sympathetic center.* It is, therefore, but 
an aggravated form of that just described. The general blood- 
pressure being raised, the diseased or lax arterioles allow a still 
greater quantity of blood to reach the sensory terminals, and tlie 
arteries of the painful area arc dilated and pulsate strongly, the 
area itself being deeply congested. The pupil in this form — or 
stage — of migraine is contracted, the blood having penetrated its 
arterioles notwithstanding the sympathetic constrictor impulses 
to them.* Hence the greater variety of symptoms witnessed in 
some cases, spasm of facial muscles, paralysis of the ocular mus- 
cles and of the extremities, transient aphasia, etc. 

The connection between the sympathetic and vasomotor types is 
clearly shown by the statement of Cowers,’- that in some cases, “the 
pallor gives place to flushing as the pain in the head develops.” While 
admitting, with other neurologists, a vasomotor disturbance, unlike 
them he regards the latter as of central origin. That engorgement of 

• Author's conclusion. 
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the local vessels is present is shown by the occurrence of hsomorrhagc 
in some cases — in the orbit, for instance, as in a case reported by 
Brasch and Levinsohn.” **At the end of an atta(;k in which the final 
dilatation has been marked,” writes (lowers, ‘^pufTmess of the scalp 
has been observed in rare cases, and even ecchymoses at the seat of the 
most intense pain.” 

At the present time the sympathetic and vasomotor forms are 
interwoven, owing to the prevailing confusion as to the functions of 
each system as a unit. A clear dilTcrentiation of the two forms was, 
therefore, impossible, and the pathology of the disease has, therefore, 
remained obscure. Thus Latham states that there is “first of all, con- 
traction of the vessels of the brain, and so diminished supply of blood 
produced hy excited action of the sympathetic.” So far, 1 am fully in 
accord with him. He adds, however, that “the exhaustion of the sym- 
pathetic following on this excitement causes tin; dilatation of the vessels 
and the headache.” Here, I cannot sustain him, for “exhaustion of the 
sympathetic” would entail pain wherever the sympathetic fibers govern 
the peripheral circulation, t.c., over the entire surface. There is no 
exhaustion, as I interpret the process: certain arterioles arc weaker 
functionally or organically (us is the heart in iiiany subjects) than 
others; and are unable as well as the latter to resist the centrifugal 
pressure of the blood, and yield. Hypersemia of the cutaneous sensory 
terminals following, pain is experienced. The meninges and brain may 
likewise become the seat of an hyperaemic area; hence the convulsive 
seizures sometimes observ(>d in cases of migraine. 

Etiology and Pathogenesis. — The principal cause of mi- 
graine, t.e., of the excessive vasoconstrictor phenomena to which 
the attacks arc due, is probably paraxanthin, an active poison, 
and other members of the xanthin group. These intermediate 
products of metabolism accumulate in the blood b(‘tw('en the 
migrainous attacks, and when the blood attains a certain degree 
of toxicity, provoke them by irritating tlie sympathetic and gen- 
eral vasomotor centers.* They accumulate because lliey arc not 
adequately converted in the blood into benign and climinable 
end-products, owing to deficient activity of the anterior pitui- 
tary, and, therefore, of a deficiency of auto-antitoxin in the 
blood.* In most cases this condition is inherited, gouty disor- 
ders of the nervous system being readily traecable in proximate 
ancestors. The majority of cases develop during or after adoles- 
cence, when the adrenal system has not kept pace with the 
general development. In such cases, this system is able to 
carry on its functions under ordinary conditions; when, how- 
ever, any unusual stress is imposed upon it by an excess of 
physiological poisons, it is not equal to the task and they accum- 
ulate.* This accumulation may be hastened by indiscretions in 


* Author* a conclusion. 

^Brasch and Levlnsohn: Berl. kiln. Woch., Bd. xxxv. S. 1146. 1898. 
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diet, excess of food, additional meals such as midnight suppers, 
entertainment “refreshments,^^ etc. Hence the greater preval- 
ence of migraine among the wealthy classes. A kindred cause is 
excessive muscular fatigue, a phenomenon also due to the pres- 
ence of toxic waste's (principally sarcolactic acid) in quantities 
which cannot be disposed of by the blood sufficiently fast to pre- 
vent the development of morbid phenomena. 

In predispostid subjects attacks may, on the other hand, be 
evoked by conditions which tend more or less to debilitate the 
general nerve centers implicated.* Emotional factors, shock, 
fear, grief, worry, anger, excitement, etc., arc familiar exciting 
causes. Equally familiar are the reflex causes of migraine, eye- 
strain, nasal and aural disorders, uterine diseases, carious teeth, 
adenoids and other conditions enumerated as capable also ol; 
exciting epileptic seizures, and occupations which entail more or 
less cerebral hypenemia, especially intellectual overwork, coupled 
with inadequate out-of-door exercise. 

RaeljfonP liaa clearly deinonHtratiMl that an excess of paraxanthin 
and other xanthiiis was present in the urine diirinj;i' and for some time 
after an attack of migraine, and moreover (1805), that an excessive 
excretion of paraxanthin coincided with it. This is in accord with the 
views of French clinicians, (lurmcau dc Mussy, Bazin, Jaccoud, Labadie- 
Lagravo, Bouchard and others, who, from the time of Trosseaii (who 
held that ‘‘migraine and gout are sisters”), have connected migraine 
with the so-called “gouty diathesis.” Boulouinit?,^® in a study of 1348 
cases of giuit and kindred disonlers treated by him at Vittel, found 
that the prodromes of migraine frequently occurred as the preliminary 
manifestations of such disorders, that migrainous attacks appeared 
especially before and during gouty phenomena, and rarely subse(}uent 
to them. Fluctuations in the excretion of uric acid have often been 
observed anti recorded by ITaig,'" a copious elimination of this end- 
product of metabolism coinciding with the disappearance of the migrain- 
ous attack. The pathogtmetie process submitted retpiin's no evidence in 
view of that adduced in the articles on Epilepsy, Eclampsia, etc. The 
influence of heredity and the connection of eclampsia with epilepsy are 
well shown by the statistics of F(jre — ^a history of migraine in 232 out of 
308 cases of epilepsy. 

Treatment. — Prophylaxis. — The general indications, in 
view of the pathogenesis of the disorder, are (1) to adjust the 
patient’s diet to his assimilative powers, thus reducing to a min- 
imum the toxic wastes formed, and (2) to overcome any condi- 
tion which, cith(3r inherited or ac(piired, tends to reduce the 


• Author' 8 conclusion. 
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anterior efficiency of his blood, by inhibiting the functional effi- 
ciency of his general nerve centers.* 

The first indication is met by reducing markedly the use of 
highly-nutritious food, late suppers, pastry, red meats and alco- 
holic beverages being avoided, and meals should be taken at reg- 
ular intervals. Coffee and tea are harmful, since they raise the 
vascular tension. Water, however, should be partaken of in 
large quantities to preserve the blood^s fluidity and osmotic prop- 
erties, and to insure free diuresis. An occasional saline purga- 
tive is of service. 

The second indication includes the correction of any oph- 
thalmic, nasal, and other condition capiible of provoking 
migraine reflexly. 

Livcing/^ referring to the many diatingniAhed men who suffered 
from this disorder, states Uiat Marmontel cured liimself l>y eating little, 
drinking water, taking exercise, and that Haller was equally sueeessful 
“by drinking every day a large quantity of waiter, and exchanging a 
highly nutritious regimen for a much lighter dietary/* Linnaieus cured 
himself by the same means, etc. Patients readily consent to a reduced 
diet as a rule, but they usually faiil to carry out the physician’s instruc- 
tions as to the plentiful use of water. In such cases it is bi^st to ordt'r 
some alkaline water, llal lard vale, Buffalo Lithia, Vichy, etc., and to 
instruct them to take a glassful Jit established intervals, one quart being 
drunk daily. As to reflex causes, according to Lauder Brunlon,” a care- 
ful examination of the eyes, teeth, nose, ears, and throat will reveal some 
disorder in these organs in practically Jill cases. This is only mentioned 
to emphasize the fact that this feature of the treatment should not be 
neglected. 

Preventive remedies should obviously be such as are capable 
of stinnilatiiig the anterior pituitary in order to enhance the 
proportion of auto-antitoxin in the blood. Thyroid gland, 2 
grains (0.13 grii.) during each meal, and an occasional saline 
cathartic are very effective, especially if the patient can lead an 
out-of-door life.* Potassium iodide, 5 grains (0.3 gm.) after 
meals in a large glassful of water, is equally efficacious, and is 
indicated when any cardiac disorder is present. Strychnine, 
V40 grain (0.001(5 gm.) three times a day, is of signal service, 
especially when the peripheral circulation is poor, although it 
tends to stimulate the vasomotor center besides the adrenal cen-» 
ter.* It is especially valuable also when there is a tendency to 
melancholia, or mental depression, both frequently observed in 


* Author*ii conclusion. 
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subjects predisposed to migraine. In children or adolescents 
strychnine is advantageously combined when constipation does 
not complicate the case, with iron, especially the dialyzed iron 
or Blaud’s pill.* The dietetic measures recommended should, of 
course, be carried out simultaneously. 

The thyroid extract in small doses has given me excellent results, 
e^ecially in women approaching the menopause, and also where prompt 
effects were necessary in any case of migraine. Liveing obtained “singu- 
lar success” from potassium iodide in some cases. J. 11. Clemens^* 
found it effective in the most aggravated cases. The value of strych- 
nine and iron in such cases is well known. This clearly illustrates the 
fact that preventive medication in this disorder includes agimts which 
act as “tonics” or, in other words, as stimulants of vital activities 
through the adrenal system. 

Digitalis is indicated when the right heart is dilated, qui- 
nine when there is history of malarial toxaemia, sodium sali- 
cylate when gout is a feature of the case or of the history. 

Drugs which Reduce Arterial Tension, — When the forego- 
ing measures do not yield the desired result, it is owing to 
excessive irritability of the sympathetic and vasomotor centers, 
which causes them to react to the least excitation.* The 
accesses recur frequently, and the face is usually pale in such 
cases. Nitroglycerin relaxes the entire arterial system, in- 
creases diuresis, etc., by reducing the sensibility of the sympa- 
thetic and vasomotor centers. Its action should be carefully 
watched, however, since the recession of blood from the peri- 
pheral capillaries tends in itself to inhibit catabolism. For the 
same reason, the doses should not be too large, grain (0.001 
gm.) twice daily is ample. It may be used with the thyroid 
extract, potassium iodide and digitalis, but not with strychnine, 
which tends to counteract its action.* The bromide of sodium 
can be used instead of nitroglycerin, in hysterical women; but 
as it tends to inhibit oxygenation when given in large doses or 
when its use is prolonged, it should only be employed tem- 
porarily. 

Nothnagel and Rossbacli'*® Htatc that the lowering of the arterial 
tension caused by nitroglycerin is not harmful: “the flow of urine is 
increased and albuminuria disappears.” As the latter symptom is due 
to excessive vasoconstriction, its disappearance proves that the remedy 
is beneficial by causing general vasodilation. 

• Author"!* conrluslon. 
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Treatment op the Attack. — Drugs which Reduce Arte- 
rial Tension. — ^Agents capable of producing this effect promptly 
do not seem to have been tried in migraine; ainyl nitrite sug- 
gests itself as a valuable agent in this connection, provided, 
however, that the amount inhaled be small, i.e,, not more than 
5 or 6 drops. Chloral hydrate combined with sodium bromide, 
10 grains (O.G gni.) of each repeated in two hours, and taken 
with a wineglassful of water, sometimes wards off an attack. If 
the pain appears, Ihc local application of camphor-chloral, a mix- 
ture of the two drugs, equal parts, which forms a viscid liquid, 
often checks it. 

Drugs which Cause Contraction of the Arterioles, — When 
the arterioles (those which, owing to their failure to contract, 
allow the blood to penetrate the affected area) are not the seat 
of sclerosis, stimulation of the sympathetic center will sometimes 
enforce their contraction, and thus arrest the pain.* Acetanilid 
and antipyrin are very effective agents in this connection, 5 
grains (0.3 gm.) given every hour three times, usually sufficing 
to arrest the paroxysm. Phenacetin is equally active, but in 
large doses, i.e., 10 to 15 grains (0.0 to 1 gni.). Morphine is 
eminently an arteriole constrictor, and a subcutaneous injection 
of Va grain (0.01 gm.) sometimes acts very promptly. Otlier 
agents that have a corresponding physiological action, cajfeine, 
guarana, ergot, cannabis indica, have been recommended, but 
their effects vary so greatly, owing probably to the uncertain 
strength of the preparations available, that dej)endence should 
not be placed upon them. 

NEURITIS, INCIAIDINCJ NEURALGIA, TIC DOUIXIUREUX, 

SCFATICA AND ZONA (SHINGLES, HERVES ZOSTER). 

Definition. — InH animation of a nerve, whether termed ‘^neu- 
ralgia” or ‘‘neuritis,” may occur as a result of so many morbid 
influences, active and passive, that a specific definition cannot 
be formulated. It is always attended, however, by engorgement 
of the nerve’s arterioles or vasa nervorum and their capillaries, 
including those of the nervi nervorum, the hypersemia of the lat- 
ter and the pressure of the swolhm structures surrounding them 
being the main source of pain.** 

• Author's conclusion. 

•* Author's definition. 
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Symptoms and Pathology. — ^^‘Neuralgia,” meaning merely 
pain in the course of a nerve or nerves, is but a symptom of a 
morbid condition of these structures, and not, therefore, a dis- 
ease. As it is invariably associated with hyperemia,* which 
often progresses to the stage of inilammation, neuralgia is, in 
reality, but a symptom of neuritis, not only of the incipient 
stages of this disorder, but also of its advanced stages: tic 
douloureux, for example.* 

Dana^^ states that when there is organic disease of the nerve itself, 
such as neuritis, the disease cannot be, strictly speaking, called neural- 
gia; and that “it is often impossible to draw the lines absolutely.” 
^nie authors limit the term “neuralgia” to cases in which hypertemia 
of the nerve is alone present; but there is no legitimate foundation for 
this interpretation, since, as stated by Dana, “there is hypera^mia with 
sometimes extravasation of bhM)d” Ixith in interstitial neuritis and peri- 
neuritis. Moreover, most acute pain persists even when profound 
changes of the nerve extending to and involving the ganglion^ — the 
Gasserian ganglion in trigeminal neuralgia, for exanipUi — are present. 
Hence the appropriateness of the term “neuralgia” even here — ^l)ut only 
when linked with “neuritis.” 

In the forms of neuritis termed neuralgm ilie pain is some- 
times preceded by numbness or stilTnoss, or conversely by sore- 
ness, tingling or throbbing in the affected area, but, as a rule, 
it appears spontaneously. At first, it is generally intermittent, 
and may be sharp, stabbing or burning in character, and be 
localized or extend throughout the entire length of the nerve. 
The paroxysms, which vary greatly in intensity, occur at irreg- 
ular intervals of a few minutes in mild cases, and may then 
only recur after considerable time. When simple hyperaania has 
lapsed into infiammation, however, intense pain — usually worse 
at night — may persist days, weeks, months, etc., i,e,, until the 
cause is eradicated. 

While at first the surface of the affected area may present 
some numbness, or be normally sensitive, the region becomes 
hypenesthctic when inflammation of the nerve is impending or 
is present, especially where the nerve overlies a hard muscle, or 
passes over the edge of a l)ony opening, the supraorbital foramen, 
for instance. The painful area is, often infiltrated, swollen and 
red. In simple hyperannia, firm pressure often relieves the pain, 
but the same procedure greatly augments the pain when active 
inflammation is present. 

• Author*^ ronclufilon. • 
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The pain is due to congestion of the minute capillary net- 
works in the peri- and endoncurium, the larger vessels of which 
are arterioles supplied with sympathetic fibers. Congestion of 
these arterioles and capillaries gives rise to pain by causing swell- 
ing of the nerve and pressure upon the nervi nervorum, which 
are themselves hyperaemic, and, therefore, hypersensitive.* 

The nervi nervorum, the existence of which was sliown by Horsley, 
terminate in minute bulbs similar to the tactile end-bulbs of Krause, 
and arc, therefore, sensory. Weir Mitchell and Marshall concluded that 
the pain of neuritis and neuralgia was due to pressure upon these deli- 
cate sensory organs. ' That hyperiemia is the sounte of this pressure, 
is suggested in many ways. As (lowers’*' says, “we know that in all 
organs, vascular dilatation attends functional activity.” That hyper- 
leniia — a result of vascular dilatation — is tlie cause of neuralgia, j’.e., 
nerve-pain, is likewise recognize<l. In neuritis, the case is the sanit'. 
Tyson,**® for example, states that “an inllamed nerve is redtlish, from 
liyperscmia of the vasa nervorum, though the stage of deinoiistrable 
hyperajmia may have passed away when the nerve comes under observa- 
tion.” This coincides with the definition of Dana previously given. 

Each of the two disorders included in the term neuritis- 
neuralgia has been divided into special varieties, the principal 
of which arc tic douloiireiix, trifacial or trigeminal neuralgia, 
sciatica, the regional neuralgias and multiple neuritis. 

Trifacial Nkukaloia or Tic Doulouukux. — This is the 
most painful of the entire scries, and is the most common. The 
ophthahnic division of the fifth is that most fretiiiently affected, 
the familiar supraorbital neuralgia. The iiain, which may radi- 
ate to the inner angle of the orbit, the (‘ye and lids, the eyc-])all 
and the corresponding side of the nose and lu'ad, is apt to 
recur at stated periods morning or night. Lachrym at ion, con- 
junctival congestion, local flushijig, swe^ating and swelling, are 
often observed. 1'bc least effort increases the pain, each pulse- 
beat causing an exacerbation. Such an ac(?ess may last one or 
more hours, and cease spontaneously, to return perhaps after a 
few weeks or months, or it may steadily grow worse and cause 
many years’ excruciating suffering. 

Next in order is the sup<*rior maxillary division, the tc'iider 
point of whi(*h is at the intraorbital foramen, the pain radiating 
to the malar bone, over the cheek, the corresponding side of the 
nose, and some of the upper dental nerves. Less common is that 


• Author' H concluMon. 
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of the inferior maxillary division, with two tender points, one at 
the mental foramen, the other just in front of the ear, the pain 
extending over an extensive area in some cases, i.e., the preaural 
region, the tip of the tongue, the lower jaw, the inferior dental 
branches, the ear, the temple and the parietal eminence. 

Tlie primary changes in the affected nerves are liyperajmia, 
as stated, but in cases in which the neuralgia persists, inflam- 
mation occurs, owing to disease of the neural arteries. 

loiifv ago contended that many caaen, at least, are due to 
arteritis. In five cases of trigeminal neuralgia, he found no noteworthy 
(*haiiges ill the nervra, while in thn^ there was marked arterial disease. 
Ihitiiam"'^ likewise found, in some instances, the intima of the blood- 
vessels greatly thickened. Thoma,"® Uose®^ and Keen and Spiller** and 
others have all found a marked increase in the size of the vessels, the 
two former in segments of peripheral nerves derived from eases of tri- 
f:ieial neuralgia, the last-named authors in Gasserian ganglia derived 
from similar cases. 

Even the axis-cylinders, which, as T have pointed out, arc chan- 
nels for the blood’s oxidase, arc engorged: Stengel,"" referring to neu- 
ritis, says, for instance: “In the acute forms partially degenerated 
fibers with fatty myelin-sheaths and swollen axis-cylinders, are found 
very early.” Again, HpiUer found swollen and irregular axis-cylinders 
•ind small vessels in some of the Gasserian ganglia resected by Keen. 
Of one of these he says, referring to the axis-cylinders: “In most por- 
tions of the field, these ajipear as drops of a red, hyalinelikc substance,” 
doubtless mcthromoglobin and adrenoxidase. 

Sciatica. — The pain usually starts in the upper part of 
the sciatic nerve in the gluteal region immeiliately behind the 
great trochanter, and follows the course of that nerve, radiating 
downward into the popliteal space and thciicc to the internal 
malleolus and the dorsum of tluj foot. It is usually very acute, 
and is increased by the least motion, liy raising the limb 
bodily, thus jiroducing flexion at the pubis, Ijasegue’s sign is 
elicited: a violent i)aiii along the entire sciatic. There is 
marked tendernerss over the latter, especially between the ischium 
and the great trochanter. Sometimes there is fever at the out- 
set. '^^I'here may be muscular tremor, a forerunner of atrophy of 
the muscle, or oedema. The skin of the region may then be pale 
and glossy, its temperature being also reduced. An eruption 
identical to that of herpes zoster occasionally develops along the 
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course of the nerve. ^J'he positions assumed by the patient when 
standing, sitting, etc., are all calculated to favor the diseased 
limb. 

Sciatica is a neuritis from the outset, the primary infiltra- 
tion, due to tlie accumulation of colorless blood-plasma in the 
nerve, being the initial phenomenon of an inflammatory pro- 
cess, whicli, like all forms of ‘^neuralgia” and neuritis, may cul- 
minate in d(?generative changes in the nerve. 

Sciatica is the only “neuralgia” in which exception might be taken 
as to its being a neuritis. Thus, while Herter“' tc*n years ago referred to 
sciatica as a neuritis, as “an inflammation of the great sciatic 
branch of the sacral plexus,” Dana, in the last edition of his text-book, 

says that “a large proportion of the cases is due to a neuritis.” In 

the light of my views, sciatica is a neuritis in all cases, since the 

exceptions arc all attended with hypericiuia, the first stage of iriHam- 

mation. Again, “hyperaemia” is generally supposed to be denoted by 
redness of the neural structures involved, but we may have hyperaemia 
without redness, since, as I have shown, the blood- plasma that circulates 
in the terminal neural capillaric^s, including the axis-t*ylinder, does not 
contain red cjorpuscles. Indeed, if we term this fluid “s(u*uin” (of which 
the extra enrpore serum is but chemically-altered semblance) it is pos- 
sible* to trace the inllammatory process from its iiicipicncy to that of 
clearly defincMl trophic lesions. This is facilitated by a revic^w of tho 
literature embodied in a paper by J. Ramsay Hunt.®'* In a case in which 
Cotugno®"^ found wdema of the nc^rve-sheath “15 c.c. ('/j ounce) of serum 
was removed by puncture.” Martinet®® “di^scribed the nerve as wdemat- 
0 U 8 and of reddish huCf with hapmorrhages into the sheath” in one case 
and as “infiltrated with serosanpuiuf^ons fluid” in another. This evi- 
dcmtly refers to the continuity of the nerve, for Cemdrin,'’* in a case of 
fifteen days’ duration, found the nerve-trunk “rcdc/rwcf/, swollen, and the 
seat of serous infiltration down to the popIiti*al space. All this is due, 
of course, to engorgement of the vessels and exudation of the bl(X)d- 
serum: fn a case of fifteen days’ duration recorded by Fernet,"® in 
which the nerve- trunk was greatly swollen, “the nerre was of reddish 
hue and the vessels of the neurilemma were injected.” 'riiough the nerve, 
examined microscopically by Dejeriiie and Raiymond, showed no struc- 
tural alteration, Fernet liehl that a neuritis was pn*sent. The advanced 
stage is shown in Ramsay Hunt’s own typical case, in which the various 
parts of the nerve showed concomitantly the various stages of the pro- 
cess: a translucent, jelly-like substance in the epineurium and marked 
thickening and .sclerosis of the larger vessels of the epineurium and peri- 
neurium and the smaller vessels of the endoneurium, with “small ex- 
travasations of blood” in “the loose areolar tissue of the sheath at all 
Itwels examined.” The “thigh and leg had undergone a slight but visible 
atrophy ” there were also twitchings and par;esthesia. 

This exemplifies the morbid process in trigeminal neuralgia, since 
similar lesions were found in the Oasserian ganglia removed by Keen, 
and studied histologically by Spiller. The first-named author states 
that “the medullary substjincc of the nerve-fiber within the ganglion” 

** Herter: DerouYn’a “T. B. on Nervous Dls.,” p. 849, 1895. 

J. Ramsay Hunt: Amer. Medicine, Apr. 15, 1905. 
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Fernet: Arch. g6n. de mdd., 71dme. sfirle, vol. 1, p. 383, 1878. 
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was “immensely swollen, atrophied or entirely gone;” and that the 
vessels were “distinctly sclerotic,” etc. — the sequence of events observed 
in all cases of “neuralgia” so-called, in which the morbid process has 
progressed sulliciently tar. 

Neiuhtis of the Head, Neck and Trunk. — Besides the 
most coiiinioii of all neuralgias, the trigeruinal, already described, 
there is a variety due essentially to eye-strain, i.e., the ocular 
neuralgia, usually limited to the eyeball. The pain may be 
quite severe, and radiate to the forehead over the frontal sinus. 
Jii ccrvico-occifjital neuralgia, the pain starts behind the mastoid 
process, radiates posteriorly to the upper ])art of the neck and 
in front and above to the .parietal eminence. The main nerves 
involved are the posterior branches of the upper four cervical. 
In intercostal neuralgia the pain starts from the spinal cord end 
of the intercostal nerves from tlie third to the ninth, and radiates 
round the chest; it is often very severe and is increased by 
motion, respiration and coughing. An eruption similar to that 
of herpes zoster occurs in many cases. Pleuroilynia is, strictly 
speaking, neuralgia of Ihe pleural nerves; it resembles the pain 
of acute pleurisy, and is very severe, especially during expansion 
of the chest. Gaslrodynia, entcralgia, hepafalgia, nephralgia, 
mastodynia, rnreygodynia, etc., are defined by their names. 

Tn all these Forms, with the exce|)tion of the (‘ases of inter- 
costal neuralgia in which the herpetic eruption occurs, the neural 
hypera*mia rarely exceeds the stage of jdasmatic engorgcmient, 
the pain, as stated, Ixung due to pressure iijam the nervi 
nervorum., 

Heuces Zoster (Shingles, zona), the form commonly wit- 
nessed, is hut an inhnxostal neuralgia in which the inflamma- 
tory process, which often includes the ganglion or the alTccted 
nc'rve, has advanced beyond the preliminary plasmatic liypene- 
rnia. The typical eruption — a reddish patch which soon de- 
velops into a crop of (edematous vesicles — may occur in any ])art 
of the body, wherever ^^neuralgia” has been observed. Dull pain 
in the aflFeeted region usually precedes by a few (hn’s the erup- 
tion and the acute pain, whicdi develops suddenly and is 
extremely sharp, burning, and lancinating, in adults. The site 
of the eruption becomes markedly hvpcra?sthetic, tlie contact of 
the clothes being unbearable. It is nearly always unilateral, 
though it frequently reaches beyond the middle line of the body 
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in the ^MntercostaF^ form, and lasts from ten days to two weeks. 
The lesion may be haemorrhagie, ulcerative; gangrenous, etc., and 
may be followed by persistent local neuralgia, aiihydrosis or 
hyperhydrosis, muscular atrophy, etc. In some cases there is 
considerable fever, showing a tendency to intermittence, and 
especially marked towards evening. 

The kinship of this disorder with the ordinary neuralgia is well 
shown by the large pro{H)rtion of cases of trigeminal zona in 
Greenough’s®® and Cantrell’s®^ statistics. Any part of the body in which 
innervation is impaired and where neuralgia is known to occur, may 
become the seat of herpes zoster. Jlence the so-called “trigeminal,” 
“femoral,” “brachial,” “ophthalmic,” etc., forms which constitute the 
“regional” zosters. Giiermonprez and Plater® observed it repeatedly 
on the fingers. The pathology of zoster also identifies it as a pure neu- 
ritis. W. F. Robinson®" states that “Daniellsen found the intercostal 
nerve reddened and thickened and the neurilemma markedly infiltrated,” 
and thp-t the more recent investigations have shown that “the ganglion 
is not alone the part that is first attimked, but that the infiammation 
may arise at any point in the continuity of the nerve-trunk in its 
peripheral termination in the spinal cord or within the brain.” Rob- 
inson’s own investigations showed the presence of “a perineuritis of the 
cutaneous nerves exhibiting a sinall-eclled infiltration of the neurilemma” 
— a condition witnessed early in sciatica. 

Neuritis of the Extremities. — The most important of 
the scries is sciatica, reviewed above. Cervico-brachml, and 
particularly brachial neuralgia, are counterparts of sciatica. 
Jointly, they include the area supplied by the brachial plexus, 
i,e., the four lower cervical nerves and the greater part of the 
first dorsal. 'Phe radial and ulnar are the nerves most fre- 
quently affected, the main tender points being at the elbow over 
the ulnar, and at the wrist over the hiferior ulnar. The axilla 
and the shoulder arc also the seat of tender jioints when the 
upper segments are involved. There is usually a dull, con- 
tinuous, toothache-like pain along the entire course of the nerve 
or nerves affected, but with violent exacerbations or paroxysms 
of a stabbing, lacinating character. Temporary loss of power is 
often observed, and muscular atrophy may follow severe cases. 
As in sciatica, the skin may become glossy and thin, and is some- 
what (edematous in most instances. As in sciatica also, there 
is inflammation of neural structures. 
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Femoral, op crural, obturator, plantar, metatarsal and other 
forms of neuralgia are described, all of which differ as regards 
the area involved, but the pathology of which (that of a more 
or less advanced neuritis) is always the same, i.e., that of an 
■inllammatory process. 

Musculospiral neurilis, owing to tlie superficial position of 
tlie musculospiral nerve, is not infrequently observed. The pain 
— though the disorder is not termed a ^^neuralgia” in text-books 
— is very severe, and tlie local tenderness is equally marked. 
This applies likewise to median neuritis, the intense pain radi- 
ating to the first two fingers and the thumb. Precisely as a 
flexure of the thigh in sciatica provokes severe pain throughout 
the entire nerve, so does a stroke on the end of one of the pain- 
ful fingers cause a flash of pain up the whole length of the 
median. Ulnar neuritis, brachial neuritis, circumflex neuritis, 
and the many other varieties of true Jicurifis likewise provoke 
pain and other symptoms and trophic lesions common to the 
various forms of neuralgia reviewed. 

General Pathology. — In all forms of true neuritis, the con- 
gestion may originate from two directions: (t) from the arte- 
rioles that enter the nerve from the side by piercing the peri- 
neurium, and whose capillaries form networks in the endo- 
neurium to nourish the nerve; (2) from the axis-cylinders 
themselves, whose neuro-fibrils, as I have pointed out, are chan- 
nels for plasma laden with adrenoxidase, which, by reacting with 
the phosphorus-laden constituents of the myelin, gives rise to 
the nerve-energy, Le., the impulse along the whole nerve, includ- 
ing its terminals.* 

Any inflammatory lesion of the nerve-fiber itself, i,e,, par- 
enchymatous neuritis, must entail, therefore, phenomena ascrib- 
able to impairment of the nerve^s conductivity : muscular atrophy, 
panesthosias, cutaneous lesions, etc. Identical disorders may be 
produced, however, by pressure of the connective tissue forming 
partitions around nerve-bundles when these partitions are the 
seat of congestion, i.e,, perineuritis, but only when this is 
marked, the pressure being caused by the engorged arterioles or 
their capillaries and the serous exudation derived from the lat- 
ter. This pressure is also, we have seen, the source of pain, the 
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nervi nervorum being compressed, while the infiltration accounts 
for the oedema. When the local lesions assume a morbid trend 
or the nerve is beyond repair from the start through local injury, 
the granules of adrenoxidasc in the axis-cjylinders remain unused 
and accumulate,* and the myelin sheath breaks up into droplets. 
Finally, these are absorbed and the field is invaded by lympho- 
cytes, and finally occupied by their product, ix., newly formed 
connective tissue — the terminal sclerosis. 

This normally leads to the conclusion that true neuritis is 
primarily a vascular disorder of the perineural and interstitial 
(!onnective-tissuc framework of the nerve, and that the nutri- 
tional disorders of th<j muscles, skin, etc., are due to pressure by 
engorged vessels, serous cfTusion, etc., upon, or destruction of, 
the nerve-fiber bundles (axis-c;ylinders) which these inflamed 
structures surround. 

This does not mean that the cell-bodies in the central gan- 
glia, from which the compressed axis-cylinders arise, may not 
themselves become involved in the morbid process. When they 
do, however, it is through an ascending neuritis, the destructive 
inflammation extending towards the cerebrospinal axis and grad- 
ually destroying the ganglion itself. 

That the axiH-cyliiiciers of a nerve rec(*ive a part of their blood 
through th«ir cell-bodieH in the organ from which they originate,* was 
shown in a pnMfoding chapter. The iinjM)rtancc of this fact finds its 
practical application in the present connection. It furnishes a sound 
foundation for the — now established — clinical difference between the neu- 
ritis of individual nerves and multiple neuritis.* This is clearly deflned 
by McPhedraiP®® in the following lines: “In isolated neuritis the disease 
begins in the nerve-sheath, constituting a ‘perineuritis,' the inflammation 
extending to the nerve-fibers afterward. In the multiple forms the nerve- 
fibers themselves are the seat of the primary change, the sheath becom- 
ing affected later.” The latter, as will be shown in the next heading, 
I do not regard as a form of “neuritis.” The fact that a neuritis 
steadily ascends from the periphery has been noted by several investi- 
gators. Thus, Sydney Sehw'ab,^'*^ after a study of 20 recorded instances, 
including two of his own in which the Gasserian ganglion had been 
examined microscopically after extirpation, concluded that disease of the 
nerve-cells did not exist as a primary parenchymatous affection, and 
that in trigeminal neuralgia two classes of phenomena eoiild be distin- 
guished, namely; (1) an ascending neuritis hef/inning at the periphery 
and having a tendency to ascend to the ganglion; (2) an interstitial 
inflammation, chronic and progressive, of the ganglion itself. Moreover, 
Rose^®* found the lesions more marked at the peripheral ends of dis- 
eased nerves than at their central ends. All these observations have 
been confirmed repeatedly. 

• Author*8 conrhmion. 
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Etiology and Pathogenesis. — ^Although the causes of true 
neuritis, including the “neuralgias/^ are very numerous, the 
pathogenesis is the same in every instance, i.e., some primary 
physical interf(?renee with tlic normal functions of the nerve.* 
We may thus have neuritis due to mechanical injury of the 
nerve, as from blows, contusiors, wounds, stretching (as in dis- 
locations, fra(!tiires, etc.) and pressure, tlie latter including com- 
pression by aneurysms, tumors, crutches, sleeping upon the arm, 
etc., and excessive use of an extremity. The lesion is essentially 
local and what degree of neuritis occurs is associated with an 
attempt at repair.* This ap})lies likewise to the extension of 
localized disease, carcinomatous, syphilitic, tuberculous or other 
foci, or tumors, caries of bone, etc. In any of these, destruc- 
tion of the nerve may lead to trophic disorders, paralysis, etc., 
differing in no way from those observed in trigeminal and other 
severe neuralgias. 

Tn ao CiiHOs of Morton’s disoasiN i.r., metaiarsiil neuralgia, Robert 
.Jones’"* traced 10 clearly to injury. Neuralgia of various niuves of the 
arm, due to ex<!esHive professional use of this member, was observe<l in 
30 cases by Hernhardt;’^’’^ leeching over the nerves was found to give 
marked relief in some cases — (widence that hyperwmia and neuritis, 
therefore, were the cause of pain. 

The lesion is primarily local also in the most fr(?qucnt cause 
of neuritis: exposure of a part of the body, one side of the head 
and face, tlie neck, the glut(*al region, etc., to a draught of cold 
air, especially while the area exposed is warm, flushed and per- 
spiring. 'I'be arterioles of the cutaneous tissues being sud- 
denly chilled while dilated, ^bq temperature of the auto-anti- 
toxin is reduced, thus iuliibitiiig the action of its trypsin, and 
two sets of morbid phenomena occur: (I) hunporary paresis of 
the local arterioles; {2) temporary inhibition of the proteolytic 
process through which the local waste-f)roducts of inctiiholism 
are reduced to (diminahle end-y)roduets.* We are dealing here 
with a neuritis, since the morbid dilation of the. neural 
arterioles necessarily entails hvperaemia of the perineurium and 
engorgement of the endoneuriuni, and pn^ssuro, therefore, upon 
the nervi nervorum. In addition to this passive hyperaemia, the 
region becomes the scat of the active hyperamiia incident upon 
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the reparative process, including the destruction of detritus.* 
Hence the severity of the pain in neuralgia. 

As in migraine, neuralgia may be due to reflex action owing 
to some ocular, aural, nasal, cutaneous or other lesions. 

The pathological anatomy of the local lesions we have seen is in- 
variably connc(;te(l with local congestion. This controverts a prevailing 
inisconcepiiun of the nuinner in whicli neuralgic pain is provoked, viz., 
that it can be caused by a deficiency of blood in painful areas, or by 
“poisons’* circulating in the nerve. Even in joints, the accumulation of 
endogenous poisons does not provoke pain directly;* were it otherwise, 
it would be impossible to account for the disappearance of pain under 
the inllueiKfc of hot, dry air, and other measures which do not destroy 
chemically the poison directly. But the action of hot, dry air is readily 
explained — as well as the beneficial effect of heat in neuralgia — ^when we 
recall that the activity of the blood constituents — the ferment in par- 
ticular — which destroy the toxics is enhanced by heat.* The need of 
the antitoxic inflamniatioii being reduced, the local hyperajmia is cor- 
respondingly diminished, and pain is reduced in proportion. In other 
words, it is not the poison which causes the pain, but the reparative 
proc(‘ss which the presence of the poison engenders, and particularly the 
congestion it entails. 

Neuralgia frequently occurs irresptxdivc of any apparent 
exciting cause, such as a cold, a traumatism, etc. The causative 
neuritis appears almost invariably after puberty, in subjects 
debilitated by physical or mental overwork, infectious diseases, 
malaria, prolonged lactation, or by the prolonged ingestion or 
absorption of certain poisons, alcohol, lead, arsenic, etc. Here, 
the neuritis is secondary, in the sense that it is evoked as a com- 
plication of another, but general, disorder.* 

The debilitating influences mentioned react on the general 
organism, we have seen, by reducing the functional cthciency of 
the anterior pituitary body.* In a large proportion of cases the 
inefficiency of this organ is inherited, ‘^neuralgia” being often 
observed in families in which epilepsy, hysteria and other nerv- 
ous diseases have prevailed. Entailing as it docs, a reduction, 
more or less marked, of the blood’s properties, poisons of auto- 
genetic origin such as those that occur in the blood in gout, 
rheumatism, uraemia and kindred conditions, are allowed to 
accumulate in the blood-stream, nence the frequent associa- 
tion of both neuritis and ^‘neuralgia’^ noted by clinicians.* 
When this accumulation of physiological poisons has reached a 
certain degree, the phenomenon witnessed in epilepsy, migraine, 
etc., occurs, viz., a violent reaction of general centers of both 
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lobes of the pituitary, including those of the sympathetic and 
vasomotor systems.* 

Important in this connection is the fact that the intestinal 
canal takes an active part in the morbid process, the inadequate 
evacuation of excrementitious materials causing it to act as a 
source of autoinfection. There is usually constipation and the 
stools are exceedingly foul. The underlying cause of this is an 
imperfect disinfection of the intestinal contents by the succus 
cntcricus, i,e., by the auto-antitoxin it contains,* the result, we 
have seen, of insufficiency of the adrenal system.* 

The kinship between neiibilgia, migraine and epilepsy extends even 
to the eharaeteristic symptoths (if the latter disease. Gowers, for 
instance,^'”' refers to two cases df neuralgia attendc^d with vomiting; to 
another in whicli opisthotonos was “so severe that tlie patient rested 
on the head and the heels.” Artton^*’® also observed two cases in whmh 
attacks of trigeminal neuralgia lapsed into typical epileptic seizures. 
Grinker,^®^ on the other hand, reported a case in which right trigeminal 
neuralgia coincided with neuritis of the left sciatic, etc. FCrfi*®® and 
others have emphasizi^d the analogy between certain forms of nciiral^a, 
the tic douloureux, for instance, and epilepsy. In Putnam’s'®* opiniouj 
that difference between neuralgia and migraine is one of degree rather 
than of kind. Lange"® has called attention to the frequency of the 
alternation of migraine with neuralgia. 

The pain is limited to a given area, and recurs in that area 
because its vessels have, some time in the course of the patient^s 
life, been exposed to one or more of the many exciting causes 
capable of bringing on an attack, cold, traumatism, pressure, 
etc. These exciting causes evoking, as stated above, an inflam- 
matory process in the walls of the neural vessels, this process 
forms the starting-point of the endarteritis and arteriosclerosis 
found, we have seen, in advanced (?ases.* When, therefore, the 
accumulated blood-poisons provoke, by irritating the sympathetic 
and vasomotor centers, a rise of the blood-pressure of the entire 
body, the neural blood-vessels of the ^^neuralgic” area yield more 
readily than those throughout the rest of the body, and the nerve 
becoming hyperaemic, pain is provoked. 

\Vc have seen that in epilepsy and migraine there is primarily a 
general constriction of the arterioles, be(;ausc the sympathetic center 
is the first stimulated; and that this is succeeded by general vaso- 
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motor constriction when the vasomotor center yields to the irritation. 
The case is the same in neuralgia. The great inllux from the ventral 
vessels to the periphery which attends general vasoconstriction soon over- 
comes the resistance of the weakened arterioles of the affected area and 
enforces their dilation. Although it has so fur remained unexplained, 
this sequence of events has been actually witnessed. Thus, Gowers 
states that the first effect is usually “a constriction of the vessels of the 
part” and that “this is often followed by their relaxation.”* 

Treatment. — Neuralgia, especially the trigeminal and sci- 
atic forms, involves so much suffering that the first indication 
is to control the pain. In the light of the pathogenesis of 
neuritis described in the foregoing pages, this reduces itself to 
the use of measures calculated to diminish the cK)ngestion of 
the neural blood-vessels, and thus to reduce the pressure upon 
the nervi nervorum. The next indication is to remove, if pos- 
sible, the cause of the disorder itself. 

Measuues which Heduce TJiE Congestion of the Pain- 
ful Area. — The majority of cases observed in general practice 
occur in subjects predisposed to frequent recurrences. Even 
the worst form of neuralgia, tic doulounmx, is characteristically 
prone to remissions, of days^, weeks’, and even months’ duration. 
The pain, therefore, cannot be ascribed to the permanent lesions 
in the nerve itself ; it must be due to some fluctuating agency :* 
the local hyperaiinia, we have seen. It is not only therefore in 
mild cases that reduction of the local congestion is indicated, 
but also in the worst cases. To accomplish this, we have at our 
disposal four groups of remedies: — 

(1) Drugs which cause general vasodilation by depressing 
directly the general vasomotor center.* 

^ The bromides are useful agents of this class in mild cases. 
In the average case, however, they arc unreliable, unless large 
doses are used, when gastric disorders, bromism and accumula- 
tion of toxic wastes in the blood are likely to follow. By giv- 
ing small doses — 10 grains (0.6 gm.) — and using the sodium 
salt, these drawbacks are reduced to a minimum, while its 
analgesic properties may be increased by .means of chloral 
hydrate., 10 grains (0.6 gm.), the central action of which is 
similar to that of the bromides. The combined use of these 
two salts, every two hours, aided by one of the local remedies 
enumerated below, usually masters the mild forms commonly 
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observed. When the pulse is tense and hard, especially in ple- 
thoric subjects, a third vasomotor depressant, veralrum viride, 
may be added, 2 drops (or four times this amount: 1905 
U. S. P.) of the tincture being given every two hours. When 
no heart lesion is present, the pain may be relieved by the 
inhalation of three drops of amyl nitrite, in the physician’s 
^presence. Five or six drops i)ourcd on absorbent cotton in an 
ernery-stoppercd bottle, alfords the patient a convenient and safe 
means, through which he can obtain relief by taking an oc- 
casional “whiff.’’ ^rhe preliminary use of amyl nitrite — which 
also lowers arterial tension — followed by the bromide-chloral 
mixture, generally proves more satisfactory, however. Nitrogly^ 
cerin advantageously rei)lacos the latt(ir agents in many cases, 
especially when largo nerves, those of the bra(*hial jilexus and 
the sciatic, for instance, arc inflamed. It depresses both the 
vasomotor and sympathetic centers,* and by thus reducing the 
vascular tension in all vessels, counteracts the pressure in the 
liyperaRmic nerves, and bleeds them, as it were, into the great 
central trunks. In trifacial neuralgia, the pain may be in- 
creased at first through the dilation of the arterioles; but this 
docs not occur after a few doses of the bromide-chloral mix- 
ture.* The dose, one minim of the 1-per-cent, solution grad- 
ually increased to four minims, three times daily. While nitro- 
glycerin is often curative, the bromides, chloral and amyl nitrite 
arc only temporary expedients which should be withdrawn after 
cessation of the pain. 

The influence of general vanodilntion is well illusiraUMl by Pom- 
meroPs case,'” in which a sciatica of live years* standing was cured by 
the bite of a viper. The value of nitroglycerin has been recognized 
by Hertcr,”* Mikhalkine,”* Lawrence, Krauss"* and others. 

(2) Drugs which cause general constriction of the arterioles 
by stimulating the gcmeral sympatlietic center.* 

Of this group, the coal-tar products arc the most effective, 
especially acetanild in 5-grain (0.3 gm.) doses every hour three 
times, then every three hours, until the pain ceases. By caus- 
ing powerful constriction of the peripheral arterioles, they re- 
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duce greatly the proportion of blood supplied to the inflamed 
nerves 5* the latter being simultaneously depleted in the veins, 
the pressure upon the nervi nervorum ceases and the pain like- 
wise. Phemcetm, in 10 to 15 grain (0.0 to 1 giii.) doses, is 
also useful. Antipyrine is more apt to provoke untoward effects 
than acetanild, but it has proved valuable especially in sciatica, 
when injected, with an equal quantity (10 grains — 0.0 gin.) of 
sterilized water, in the tissues immediately overlying the nerve. 
The coal-tar products should be used only temporarily as anal- 
gesics. Morphine relieves pain in the same way, whether ad- 
ministered orally or subcutaneously close to the disc'ased nerve. 
Deep injections, practically down to the nerve, of grain 
(0.01) morphine and V120 grain (0.0005 gm.) atropine arc v<^ry 
effective, even in sciatica. This should be repeated daily. 
When there is reason to believe that a drug-habit may be 
initiated by using the foregoing drugs internally,, the same phy- 
siological effects may be obtained with aconiUne, ’Aoo grain 
(0.00015 gm.) every four hours, gradually increased until tlic 
first “physiological effect, i.e,, tingling, appears, when the dose 
should be somewhat decreased. The tincture of aconite root 
(1905 IT. S. P.) 4 minims (0.^5 gm.) may be used instead if 
preferred; it is especially effective when given with the tincture 
of gehemium, 10 minims (0.6 gm.), given every hour, until the 
labial and digital tingling of aconite is f(*lt. These two remedies 
sometimes prove curative. Cocaine also relieves pain by caus- 
ing constriction of the arterioles. It has given good results 
when injected in doses of V4 to V2 grain (0.016 to 0.03 gm.) 
in solution, over the scat of the pain. In neuralgia of the face 
it may be injected into the arm, carefully avoiding a vein. 
Ostnic acid, which acts similarly, is sometimes very effective in 
severe cases, when 10 to 20 minims (0.6 to 1.2 c.c.) of a 1-per- 
cent. solution are injected near the nerve, or better into its sub- 
stance after exposing it surgically. 

Cocaine has also been used in sciatica in the form of intrarac^hi- 
flian injections, but the ordinary methods are as efTeclual. The dang(>r 
of penetrating a vein was suggestc^l by llergmann who, having ob- 
tained immediate relief in a case of sciatica by injecting 15 minims 
(0.90 c.c.) of a 5-per-ceiit. solution of cocaine, without observing the 
least untoward effect, caused violent symptoms of intoxication tlie next 
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day in the same patient by an injection of only 5 minims (0.3 c.c.) 
of the same solution. As recommended by Cagney,”" cocaine should be 
used with prudence. Osmic acid has been recommended by many obser- 
vers since Billroth suggested its use over twenty years ago. J. B. 
Murphy/” G. A. Wright,**" and others, now expose the nerve in rebellious 
trifacial neuralgia under ansesthesia, and inject from 5 to 10 minims 
(0.3 to 0.0 c.c.) of a 1.5-per-cent, solution into the nerve-substance and 
between the nerve and its sheath. This is thought to cause degeneration, 
the pain ceasing permanently in most cases. 

(3) Local remedies which produce reflex constriction of 
the peripheral arterioles, including those of the painful nerves, 
hy irritating directly tlic cutaneous sensory terminals.* 

Aconitine acts in the same way, applied locally, in the form 
of an ointment composed of 4 grains (0.25 gm.) of the alkaloid. 
2 drachms (8 gms.) of glycerin, and C drachms (24 gms.) of 
cerate; verairine, 10 grains (O.G gm.), may be added for severe 
cases. Care should be taken to avoid rubbing this ointment 
over an abrasion, since it is violently poisonous. Ethyl chloride 
sprayed over the painful region daily sometimes proves curative. 
The skin sJiould be protected by a thin layer of grease. In mild 
cases menthol rubbed freely on the skin is quite effective. Its 
efficiency is greatly increased by the addition of guaiacol; 15 
grains (1 gm.) of each may be dissolved in 5 drachms (20 gms.) 
of absolute alcohol, and rubbed gently over the congested nerve. 
Again, cocaine, 15 grains (1 gm.), may be combined with men- 
thol, 10 grains (O.G gm.), in one drachm of vaselin, and rubbed 
into the skin with a wad of cotton. Chloral hydrate, with equal 
parts of camphor, forms a thick liquid which, painted freely over 
the affected region, serves often to prevent the pain until inter- 
nal treatment has controlled the cause. Galvanism, the anode 
well moistened with salt water, being placed over the painful 
spot, also relieves ])ain by causing constriction of the vessels that 
supply the nerves. 

(4) Measures which provoke direct or indirect depletion of 
perineural arterioles, and, therefore, of the endoneural capil- 
laries.* 

Guaiacol is so active in this connection that 15 drops ap- 
plied to the skin have caused a marked decline of the peripheral 
temperature, and even prostration. Equal parts of guaiacol and 
glycerin painted over the diseased nerves promptly relieves pain. 
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Leeches afford a ready means for direct depletion ; but in 
brachial neuritis bleeding may be resorted to with advantage, the 
abstraction of a few ounces of blood sufficing. Cupping is still 
recommended by some eminent neurologists. Hydrochloric acid 
painted over the nerve, three or four times at 48 hours’ interval, 
affords effective countcrirritation in neuralgia of the extremities. 
Superheated dry air is very effective, not only because it draws 
blood to the skin, which becomes quite red, but because the activ- 
ity of the auto-antitoxin of the blood is greatly enlianced.* 
Warm pack about the abdomen or even llie ordinary hot water 
applied over this region markedly facilitates the action of any 
drug administered internally calculated to deplete the congested 
area. Heat applied to the latter in the form of the hot-water 
bag, a hot brick, a hot hop or bran bag are familiar derivatives 
which assist the curative process also by increasing catabolic 
activity of the trypsin in the auto-antitoxin.* 

Measuiiks which Tend to Eliminate the Cause of the 
Neural Congestion. — Of the many exciting causes of neuritis 
enumerated, those that belong to the domain of the physician 
are closely allied, we have seen, (1) to disorders, such as 
migraine, gout, epilepsy, etc., which arc attended by an accum- 
ulation of toxic wastes in the blood, and (2) with intestinal 
torpor due to the same central cause, and entailing auto-intoxi- 
cation. Since the pain occurs in most cases as intermittent 
paroxysms caused by the aceumulation of toxic materials in the 
blood, measures which prevent the latter should prevent the 
return of the pain. 

In some cases ])urgativca now and then suffice to prevent 
the accesses. Castor oil, of all remedies of this class, has given 
the best results in 1 to 2 ounce (28 to 5(1 gin.) doses each 
morning. Mixed with two or three tablespoonfuls of ale (pre- 
ferably Bass’s, owing to the large (piantity of gas it contains) 
it forms an emulsion and cannot bo tasted. After the first few 
days it causes but one evacuation daily. The oil causes both 
catharsis and disinffection by increasing reflexly the relative pro- 
portion of auto-antitoxin in the intestinal juice.* Citrate of 
magnesia and other saline purgatives taken occasionally, only 
prevent the attacks in mild cases, and require the aid of rem- 
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edies that stimulate the adrenal system. The dietetic measures 
recommended for migrainc^^** are also indicated in cases of neu- 
ralgia when at all severe. This applies likewise to the use of 
saline solution when the general symptoms point to a consider- 
able accumulation of toxic wastes in the blood, especially in 
sciatica. In all such cases the free use of pure water as a bev- 
erage is very beneficial, while the use of alcohol, coffee, and tea 
is liarmful. 

Castor oil has given excellent results in tlie various forms of neu- 
ralgia. Ochsner reported i:i cases all materially improved. Moyer*-=® 
treated 15 cases in the manner outlined in above text. Of seven reported 
but one failed to be benefited, four being cured. Aldrich, Waxham’-* 
and others, have also recommended this treatment. Debove and Hruhl‘“* 
found a saline solution composed of 5 per mille each of sodium chloride 
and sodium s\ilphate, effective in sciatica. 

Of the drugs which have been used to controvert the ^^gouty” 
state — ^by stimulating the adrenal system — sodium salicylate, or 
salicin, 5 to 15 grains (0.3 to 1 gm.) in cachets, followed by 
a glassful of water, has given good results, but both agents 
sometimes cause gastric disorders. A iiiore satisfactory remedy 
is strychnine in full doses, V40 (0.0016 gm.), gradually 

increased to V20 gfain (0.0032 gm.) three times daily. It pow- 
erfully stimulates the anterior pituitary body, thus enhancing 
the oxidizing power of the blood, and is especially active in early 
cases, and when anirmia is present. In sthenic cases sodium io- 
dide in 10 grain (0.6 gm.) doses in a large glassful of water after 
eacli meal is more effective. It may be gradually increased, but 
as soon as any sign of iodism appears the doses should be re- 
duced as needed to avoid this phenomenon, the smaller dose 
being continued. When gout or rheumatism is present colchi^ 
cum, 10 minims (0.6 gm.) of the tincture, increases greatly the 
efficiency of the iodide; colchicine, V120 grain (0.00054 gm.), 
may be used instead of the tincture. Quinine is often recom- 
mended, but it is really .beneficial when malaria underlies neu- 
ritis and when anaunia is present. In sthenic cases, it causes 
hypertonicity and increases the pain. The benzoate of sodium, 
5 grains (0.3 gm.) every three hours the first two days, then 


Vf. this vol., p. 1526. 

Moyer: Jour. Amer. Med. Assoc.. Apr. 21, 1900. 

Aldrich : Cleveland Med. Gaz., Nov., 1900. 
lawaxham: Colo. Med. .lour., Dec., 1901. 

^Debove and Bruhl: Qaz. des hOpltaux, vol. Ixvlii, p. 365, 1895. 
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after each meal, is often efficacious in children or young adoles- 
cents. 

In neuralgia as well as migraine, the case should be care- 
fully examined lest the pain be reflex. Any causal disorder of 
this kind should, of course, be eliminated. This being done 
and the measures recommended failing to remove the suffering, 
surgical measures should be resorted to, especially in tic dou- 
loureux. In this acutely painful form of neuralgia, the best 
operation so far devised is that of division of the sensory root 
of the fifth nerve, a safer and more efficacious operation than 
removal of the Gasserian ganglion. 

Strychnine in heroic dosea was found effective by Dann^* in cases 
of one or two years’ duration. It arrested the disease almost invariably. 
In eases of six or seven years’ <luratioii and in those in which inflam- 
matory changes — especially scleroses — were present, no benefit resulted. 
Ft is usually given hypodermically, but as more than one injection can 
hardly be administered daily, a large dose has to be given. T have found 
it more advantageous to give it internally as stated, t.c., in divided 
doses, since a larger aggregate of the drug can thus be used. 

Division of the sensory root of the fifth pair for tie douloureux 
has recently been perfected by Frazier and Spiller, who introduced this 
operation. In. the four cases reported'-* there had been no rccuirrence of 
the pain, the longest time elapsed being two years and eight months, 
and the shortest fourteen months. It entails much less hiemorrhage 
than removal of the Ciasserian ganglion, is less dangerous, avoids ocular 
disturbance's and particularly ulceration of the cornea. 


'2* Dana: Jour. Amer. Med. Assoc., May .5, 1900. 
'2® Frazier and Spiller: Ibid., Oct. 1, 1904. 
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THE INTERNAL SECRETIONS IN THEIR RELATIONS 
TO PATHOOENESIS AND THERA- 
PEUTICS (Continued). 

DISORDERS DUE TO HYPERACTIVITY OF THE ADRENAL 

SYSTEM. 

Although the above heading would appear to incriminate 
the adrenal system as the source of the disorders considered in 
this chapter, the morbid effects its excessive functional activity 
engenders are, in truth, primarily due to the presence in the 
blood of one or more poisons which overstimulate the test-organ, 
and thus cause an excessive production of adrenoxidase. As I 
will show in the following pages, it is this agent which, by 
enhamung metabolism inordinately in the walls of the arterioles 
of the vasa vasorum, causes the lumen of these vessels to become 
obliterated. Atheromatous degeneration thus becomes hut a 
normal result of the fact that the nutrition of the vascular 
tissues supplied by those ininutc vessels is prevented. 

This points, however, to the adrenal system as the domi- 
nant factor of arteriosclerosis, a disease which, although as 
stated by Sir James Barr,^ ^‘kills more men in the prime of life 
and vigor of manhood than any other,” is far from being under- 
stood: Indeed, Joseph (Collins,* after a comprehensive study of 
the subject, was recently led to concflude that ^^therc is no 
unanimity of opinion concerning the way in which the morbid 
condition constituting arteriosclerosis develops.” ^rhe adrenal 
system fulfills quite as prominent a position in the pathogenesis 
of the two main results of arteriosclerosis, viz., angina pectoris 
and cerebral haemorrhage, as we will presently sec. 

ARTERIOSCLEROSIS. 

Synonyms. — Atheroma; Arterio fibrosis ; Endarteritis 

Chronica Deformans. 

Definition. — Arteriosclerosis is primarily due to the pres- 
ence of endogenous or exogenous toxic substances in the blood, 

^ Sir James Barr: Drit. Med. Jour., Jan. 20, 1906. 
s Collins: N. Y. Med. Jour., June 9, 1906. 
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in excess of the quantity which the auto-antitoxin of the latter 
can convert into benign and eliminable end-products. The 
adrenal system being kept overactive by these poisons, however, 
the proportion of adreiioxidase in the blood is excessive, and the 
walls of all vessels are the scat of inordinate metabolic activity. 
The arterioles of the'vasa vasorum being similarly affected, their 
muscular coat finally becomes hypertrophied — sufficiently in 
many instances to obstruct or obliterate their lumen. The vas- 
cular tissues supplied by these obstructed vasa vasorum being 
no longer adequately nourislied, they undergo necrosis and the 
necrosed areas become the seat of atheromatous or sclerotic 
patches.* 

Symptoms. — Although arteriosclerosis gives rise to symp- 
toms that vary according to the organ which is the seat of the 
most advanced lesions, there are certain phenomena that are 
common to all cases. Before the characteristic vascular lesions 
are discernible, these cases are apt to show evidences of general 
asthenia, being readily fatigued by exertion, and sweating 
readily without adequate cause. The face is pale, especially 
about the moutli, temple and eyes, and a tendency to giddiness 
and loss of intellectual acumen is occasionally observed. 

When the disease is sulTiciently advanced, the (diaracteristic 
symptoms are eminently vascular. Prominent among these is 
the resistance of the vessels to pressure, especially discernible 
when the finger is applied over the arteries of the wrist and 
popliteal space. 'Phe resistance may be due to two factors: one 
of these, increase of tension of the vessel, is not always present, 
and often occurs in other diseases; while the other, thickening 
of the vessel-walls, is a characteristic sign when high tension is 
alone present, firm pressure arresting the pulsations beyond the 
seat of pressure. When the artery is sclerosed, however, this 
cannot be done, the vessePs pulsations being quite perceptible 
notwithstanding the compression ; the pulsation is also pro- 
longed owing to the narrowing of the vascular lumen. High 
tension and sclerosis are often present simultaneously; in that 
ease, the signs of sclerosis prevail. Another sign is usually 
present to confirm the diagnosis: a tortuous, dilated, and pul- 
sating appearance of the arteries of the temple. Sphygmographic 


* Author* 8 definition. 
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tracings show a short sloping upstroke, a wide top and a slow, 
gradual downstroke. The pulse is usually slow and retarded at 
the wrist when the narrowing of the artery is marked, and may 
differ on the two sides if the stenosis of one vessel is more 
marked than that of the other arm. Another confirmatory sign 
is often present, i.e,, tlie arcus senilis. 

Early in the course of the disease the urine is apt to be 
more abundant and to show variations of specific gravity. Albu- 
minuria may then appear intermittently, and finally contain 
casts. When these organs are seriously involved, anuria and the 
symptoms of chronic fibrous nephritis may appear and symp- 
toms of uneinia likewise. Arteriosclerosis of the uterus -is 
sometimes the cause of severe luemorrhage at the menopause or 
in aged subjects. In the latter the bleeding is difficult to con- 
trol, owing to the arterial fibrosis. The dislodgement of 
thrombi, due to endarbiritis, or detached thrombi or wide- 
spread arteriosclerosis, sometimes gives rise to gangrene of the 
extremities. 

An important feature of the whole problem is the asthenic char- 
acter of the disease emphasized by many authors, whether met in a 
decrepit old subject or in an overfed gourmand. Thus Stengel'' includes 
among the earlier symptoms “reduced vitality,” and remarks that “many 
cases of neurasthenia are of cardiovascular origin,” and characterizes as 
the “arteriosclerotic facies,” “a peculiar pallor” specially conspiciunis 
around the mouth, temples and eyes. Kiscli** associates obesity with 
arteriosclerosis. 

Hittdorf,® as shown farther on, associates marked pallor with 
aortic arteriosclerosis. As to the involvement of the uterus, Ueinieke" 
observed four cases of this kind in which hysterectomy became necessary 
to avoid a fatal issue. The vessels of the organ showed typical lesions 
of the senile type. Similar instances have been reported by Cholmogo- 
rofT,’ Grube" and others. Krgot invariably aggravatc^s the bleeding. 

The heart finally becomes hypertrophied, owing to the in- 
creased resistance of the blood-column. The left ventricle hav- 
ing to bear the brunt of the increased work, however, it is the 
one which undergoes hypertrophy first ; the aortic second sound 
is therefore unusually accentuated, clear and ringing. Hiis is 
best heard behind, over the angle of the left scapula on a level 
with the seventh dorsal spine. This unilateral enlargement and 
the unusual displacement the increased vigor of the left ven- 


^Stensel: Amer. Medicine, Jan 2, 1904. 

^Klsch: Wiener kiln. Rundschau, Bd. lx, S. 271. 189!i. 

BRlttdorf: Deut. Archiv f. Mod., Bd. Ixxxl. S. OR, 1904. 

® Rclnlcke: Archiv f. Gynaok., Bd. 1111, S. 430, 1897. 

^ Cbolmogoroff: Monats. f. Gob. u. Gynaek., Bd. xl, S. C92, 1900. 
•Grube: Ibid., Bd. xvl, S. 258, 1902. 
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tricle entails tend to displace the heart as a whole — the apex 
being sometimes over an incli or more nearer the sternum than 
usual. This hypertrophy is a desirable condition, and serves 
to overcome the obstruction to the blood-stream. The general 
health may not be impaired by its presence a number of years 
therefore, until the coronary arteries are markedly diseased and 
the nutrition of the myocardium is seriously compromised. 
When this occurs dcgcmjration of the lieart-musclc supervenes 
with its consequences: heart-failure, arliythmia, dyspnma, pul- 
monary eongestion, oedema, etc. Angina pecftoris is a formid- 
able complication of the lesions of the coronaries, tlmugh not 
due, as now believed, to obstruction of these vessels, but, as 
shown farther on, to their inability to control the volume of 
blood admitted into the pericardium.* Kuptiire of the heart- 
wall may occur, with ha^morrliage into tlie pericardium. 

Haaenfold® found in the course of extenaivc pathological studies 
that arteriosclerosirt only leads to hyperlropliy of the left ventricle when 
the splanchnics or thoracic aorta are severely ntlWted. Arteriosclerosis 
of the other vessels does not seem to have such an elfect. Runsbcrg'^“ 
holds, on good ground, that the eartliac symptoms are of dual origin, the 
one set arising from the sclerosis of the coronaries, the other due to 
impairment of the cardiac functions owing to the s(>lerosis of the vas- 
cular system at large. Stengel very appropriately states that arhythmia 
in persons near forty is too often attributed to gastric disturbances, 
tobacco, tea, coffee, etc. 

The aorta is often involved, and tends greatly to aggravate 
the patient’s general condition. The face is often very pale 
and there is a marked tendency to obesity. Abnonnal pulsa- 
tions ill the subclavian and carotid arteries are usually marked, 
and dilation of the veins of the cliest may sometimes be pro- 
voked by forced respiration; llie tissues over the sternum will 
tlieii appear (edematous as in aortic ammrisni. The pupils may 
differ in size, though the reflexes remain normal, and the retinal 
vessels may he dilated and even liaunorrliagic. Respiratory plio- 
nomena are of frequent oeeurrence, there being a tendency to 
bronchitis, emphysciina, bronchiectasis and hsomoptysis, with a 
marked susceptibility to tuberculosis. A prominent symptom is 
weakness of the arms. The resistance to the blood-strtMm being 
increased in the aorta, the cardiac liypertrophy attending the 
general disease is aggravated, and may even occur if the aorta 


* Auth4)r*H conclusion. 
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be alone the seat of the characteristic advanced lesions. While 
tile first aortic sound is clear and distinct^ the second sound is 
more or less accentuated, -riie pei*iphcral vessels may.show but 
slight arteriosclerosis. The pulses of both sides often differ, 
and the pulse is generally rapid, though the blood-pressure be 
increased. Palpitations, cardiac oppression and - dyspneea are 
caused by exertion, while vertigo, tinnitus and other symptoms 
of the general dyscrasia may appear. 

The symptomatology of aortic arteriosclerosis has recently been 
car^ully Worked out by Bittdorf'^ in 54 cases not complicated by aoHic 
stenosis, aneurism, coronary sclerosis or nephritis. The symptoms out- 
lined in the general text are mainly those given by this investigator. 
William Welch'* states that the aorta is a region of predilection for the 
cicatricial form of arteriosclerosis. • ft shows but little tendency to ex- 
tend into the large brandies of the aorta or into the abdominal aorta. 
The. changes occur in the adventitia and miMlia, and may consist of fur- 
rows and depressions, elevated plaques or fibrous scar-like patches. 

Arteriosclerosis of the brain is a prominent feature of many 
cases. Vertigo is a salient symptom of this (iondition, especially 
in the aged. In these and younger subjects the early mani- 
festations may assume tlie form of intellectual torpor with logs 
of memory for recent events, irritability and darting head-pains. 
Aphasia, somnolence, tinnitus anrium, inequality of the pupils 
and disorders of vision and sensation, i.e., insecurity of gait or 
even numbness of one limb or one side of the body. Apoplecti- 
form and epileptiform attac^ks, preceded by tlie characteristic 
prodromes, are sometimes witnessed in such subjects, and, in 
fact, may precede those just outlined. Senile dementia or gen- 
eral paralysis which occasionally occur arc*due, in keeping with 
the other phenomcma, to d(?generativc (fhanges. 

In a study of 200 cases of apoplexy M. Allen Starr'^ found that 80 
per cent, showed many of the above phenomena as prodromal signs, 
lienee the importance of recognizing them early so ns to foretell, if pos- 
sible, the apoplectic attack. Joseph Collins,” in an able article based 
on a study of 800 cases of arteriosclerosis, states that “thi* most strik- 
ing feature of the disease is the alteration of the patient’s appearance. 
The individual becomes transformed from a person expressing grace in 
movement and relaxation in repose, into an immobile, inanimate replica 
of the normal person” .... “the gait is perhaps the most remarkable 
feature of the patient. The stride i.s short, oftentimes only a few inches, 
the feet widely separated and not lifted from the ground, the rhythm 
of the movement often slow and rapid.” In 15 advanced cases Zapin- 

” Dlttdorf : Loc. cit. 

« William Welch: N. Y. Med. Jour., June 18, 1904. 

” M. Allen Starr: Med. Record, July 4, 1903. 

Joseph Collins: N. Y. Med. Jour.. June 9, 16. 23. 1906. 
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sky*® found cortical vascular lesions in 14. Collins states that the most 
striking alterations are found iiVithe middle cerebral arteries and tlio 
branches. In some instances. the entire brain is shrunken. Bondurunt,"’ 
after a study of 200 cases, concludes that “the characteristic and ever- 
present mental expression of arteriosclerosis is dementia of some kind 
or degrex!.** 

Arterioaclerosia of the spinal cord and peripheral nerves 
may act as the underlying cause of numerous diseases of these 
organs.. Lesions of the lower half of the cord evoke morbid 
phenomena in the lower extremities; lesions of the upper half 
in the upper, or in both upper and lower. If the anterior Ijirns 
are involved, motor symptoms appear: if the lesions are lo<5ated 
in the posterior horns, the disorders are sensory. Besides these 
territorial ed'ects, however, the spexdfic symptomatology of arte- 
riosclerosis asserts itself. Unis, besides gradual development of 
paralysis of the lower extremities, preceded by stiffness, mus- 
cular cramps, etc., the arteries show the typical signs; the 
blood-pressure is high and the characderistic heart-sounds are 
present. 

The spinal type of neurasthenia, pain in the back, numb- 
ness of the legs, irregular twitchings of the muscles and weak- 
ness, irregularity in urination, and constipation and various 
forms of neuralgia are also witnessed. 

Joseph Collins, referring to the symptomatology given in outline 
in the first para graph, and illustrated by a typical case seen with 
Zabriskie, states that when advanced, sueli c;ases are often diagnosticated 
ns transverse myelitis or chronic myelitis. He rcft*rs to an instance in 
which the symptoms came on so abruptly that the diagnosis of Landry’s 
paralysis was made. lie states also that it was well described by von 
Leyden (1875), who looked upon it as a senile process in the spinal 
cord. The nenrasthenic type outlined in the second f)aragraph is re- 
garded by M. Allen Starr'^ as due to malnutrition of the cord. 

Pathogenesis and Pathology. — In the majority of cases of 
arteriosclerosis, the disease is preceded by a general adynamia 
due to functional torpor or hypoactivity of either of the organs 
of the adrenal system, or all of them, t.e., the adrenal center, 
the adrenals or the thyroid.* This may be the result of norm.il 
or premature senility, starvation, or of diseases such as syphilis 
and influenza, whieh depress markedly the functional activity 
of the adrenal center;* or of poisons such as alcohol, phosphorus 

• Avthnr'fi rmohiHlm. 

«Zaplnsky: Wratch, No. 4, p. 9.';, 1896. 

Bondurant: Intern. Med. Mag., July, 1896. 
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— that of the endotoxin of tuberculosis, for example — w^iich 
deipxiSize the blood and thus render all the -organs of the adrenal 
system Jiyppactive ;*• or. of inherited functional debility of this 
system.* , 

Old age is not a cause of arteriosclerosis. Tlie ojrgans of the 
adrenal system becoming senile with the rest of the organism, the pro- 
cess of life which they govern, i.c., tissue metabolism, is inhibited in 
proportion. The other etiological factors are generally recognized as 
such. Moritz,'" in a study of 100 cases of arteriosclerosis under 60 
years of age (Russians), found that 47 gave a history of syphilis 
acquired from eight to thirty years before the date of examination, and 
that all but four were immoderate or moderate consumers of alcohol. 
Though this applies to Russian lower classes and cannot be taken as 
standard for people of other countries, the potent influence of syphilif 
and alcohol is, nevertheless, illustrated. Sir J. Barr'" regards syphilis 
as the most potent factor in the production of arteriosclerosis, and noids 
that typhoid fever plays a eonsidevahle part in its induction. Exces- 
sive smoking is also believed to be pathogenic. BoverP produced athe- 
roma of tlie aorta in the rabbit by the administration per ora of an 
infusion of -tobaccjo. Nanimack*'*' attaches great importance to heredity 
as an etiological factor. Bock“ attributes a certain proportion of cases 
to insutlicient food. 

In this grouj) of cases the exenting causes of arteriosclerosis 
arc toxic products of hypoeatabolism, including xanthin and 
hypoxanthin, which are present more or less continuously in the 
blood, owing to the functional torpor of the adrenal system.* 
Hence* the fact that the gouty diatlu^sis is generally included 
among the causes of arteriosclerosis. 

The poisonous properties of xanthin, hypoxanthin and other toxic 
wastes of the purin group were first shown/ we have seen, un<ler Gout, 
by Grancher and fully confirmed by Kolisch, Tandler Paltauf and 
Albrecht. Croftanp moreover, showed that they produced granular 
degeneration of tlie epithelium of the convoluted tubules and prolifera- 
tion of the endothelium of the intertubulav epithelium. The corre- 
sponding lesions in tlie smaller vessels in arteriosclerosis, in the familiar 
“endarteritis obliterans,” the “arteriolitis” of Tietulle, etc., correspond 
with these processes, — all inflammatory in nature, ns pointed out by 
Virchow in 1856, precisely as the lesion in tlie kidneys, the interstitial 
nephritis leading to contraction, is inflammatory. 

Gout is now generally considered as a cause of arteriosclerosis, 
whereas, as interpreted from my standpoint, the etiology of gout and 
that of arteriosclerosis are — ns far as the xanthin gi-oiip is concerned — 
similar, i.e., adrenal insuffleiency leading to the formation of toxic 
wastes as a preliminary feature. Rachford," nearly ten years ago, 

* Author's conclusion. 

Moritz: Med. Examiner, Oct., 1904. 

IB §|p Barr* TjOC. cit. 
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emphasized this kinship and attributed the main phenomena witnessed 
in arteriosclerosis to ]|anthih and other piirin bodies. “Wc can well 
imagine/* says this author, “that this condition of the arteries might 
result from their long-continued irritation by the presence of^an excess 
of the alloxiiric l>odies in the blocMl,” several cases being adduced in 
support of tins view. If the multiplicity of conditions wtth wluch 
arteriosclerosis is associated, migraine, neuralgia, neuritis, asthrab, etc., 
are compared to tliosc associated with the gouty diathesis, the strenj^th 
of this interpretation will appear. Again, we have seen in the article 
on (5out that, as first shown by Levison, the' kidneys arc profoundly dis- 
eased in gout. The similarity of the lesions in both diseases, however, 
may be illustrated by Osier’s statements that in gout“'‘ there is “an 
interstitial nephritis, either the ordinary ‘contracted kidney* or the. 
arteriosclerotic form,** and that in arteriosclerosis,'*® “the condition is 
practically that of contracted kidney/* 

^ Arteriosclerosis differs from gout and the diseases that arc 
provoked by the gouty diathesis in that it may he caused (indi- 
rectly) by poisons other than the purin bases. Thus it may be 
caused by products of tissue catabolism, such as those derived 
from the muscles during violent exertion or physical labor, or 
from the brain tissues during excessive mental strain, or from 
the combination of th(»se two factors which constitutes “strenu- 
ous life.” The disease may also be provoked by the pathogenic 
elements of many infectious diseases, typhoid fever, variola, 
erysipelas, pneumonia, measles, scarlatina, acute rheumatism, 
septicjemia, etc., and various poisons such as lead. 

Excessive muscular exertion is regarded as a prominent predisposing 
factor. Thayer and Brush,” in an analysis of nearly 4000 patients 
suffering from various diseases, found the pereemtage of palpable radial 
arteries materially higher among individuals in whom there was a his- 
tory of heavy physical labor. Collins-" states that “within the present 
generation arteriosclerosis has advanced from the position of a senile 
manifestation and a necessary aewinipani merit of old age, which our 
predecessors had given it, to one of the commonest sequences of the 
strenuous, disordered life.” 

The toxic origin of arteriosclerosis has been pointed out by Traubc, 
Kpkitanski and many others. Both Huchard and lluneberg ascribed 
endarteritis to a toxin in the blood. Thf»rt>se*® was able to prove this 
fact experimentally. Gilbert and Lion,"® Boinet and Romary®' and 
others produced atheroma of the aorta by injecting various pathogenic 
bacteria. A comprehensive study of the question also led Russell*- to 
conclude that the disease is due to the presence of deleterious substances 
in the blood. Again, Flexner"® observed a case in which the aorta had 

“ Osier: ‘‘Principles and Practice of Medicine,” third edition, p. 411, 1893. 

“ Osier; p. 775. 

“’Thayer and Brush: Jour. Amer. Med. Assoc., Sept. 10, 1904. 

' “Collins; N. Y. Med. Jour., Juno 9, 1906. 

“ Th^rOse; ThOse de Paris, 1891. 

“Gilbert and Lion: C. r. de la Soc. de blol., 9 sdrle, vol. 1, p. 683, 1889: 
Arch, de mOd exper., vol. xvl, p. 73, 1904. 

Boinet and Romary: /Md., vol. lx, p. 902, 1897. 

“Russell: Lancet, June 1, 1901; Feb. 7, 21, 1903; and Brit. Med. Jour.. 
June 4, 1904. 

“ Flexner: Johns Hopkins Hosp. Bull., Aug., 1891. 
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apparently been rendered tuberculous through infection of the intima 
by the blood-stream — a legitimate (inclusion in view of my contention 
that the endotoxin of tubercle bacilli acts througli the phosphorus it con- 
tains. Thayer and Jlrush,’’* in 21 out of 52 autopsies in typhoid fever, 
found fresh patches in the aorta, and in 13 out of 02 autopsies, similar 
patc^hes on ilie coromiry arteries. 

These poisons provoke arteriosclerosis by causing an exces- 
sive or too prolonged defensive reaction of the adrenal system.* 
^i’lie blood being supplied with an excess of adrenoxidasc, the 
niiiscuhir coats of all vessels, including those of the nutrient 
arteries of the latter, the vasa vasoruin, are subjcct(id to exces- 
sive mctabolisiii, which causes them to remain more or less 
])ermanently constricted, and iiiially to hypertrophy, thus obli- 
terating the vessel.* 

The niark(‘d vascular tension observed in many cases of 
arteriosclerosis — which (ionstitut(\s one of its most dangerous 
])hases, owing to the danger of arterial rupture, cerebral hicnior- 
rhage, aneurism, etc., it entails — is the subjective manifestation 
of this condition.* ^Tluj arterioles which supply the vasa vas- 
orum being ])rimarily alfected in this manner, owing to their 
(liminiitive size, the areas of the vascular (;oats to which they 
are distributed ar(» no longer adequatedy nourished ; they finally 
become necrotic, therefore, and are then transformed into athe- 
romatous or scleroti(; patcdies.* 

llusspir*” bus urged the existence of a close* connection between 
arteriosclerosis and vasoconstrietion, the latter being attrihutc*d by him 
to the presenec of poisons in the Ijody, i.c., to autointoxication. 

The vasa vasoruin have long been known to play an important 
role in the process. Cowan"” states, in fact, that the “vasal changes 
may. in some eases, he the only visible lesion/' and refers to cases in 
whieli “the interference with the vascular supply from tin? vasal vessels 
produced medial and iutinial necrosis.” Osier, referring to rouncil- 
man's study of 41 autopsies, states that “in the circumscrihed or 
nodular arteriosclerosis the primary alteration consists in a degenera- 
tion or a local infiltration in the media ami adventitia, eliiefly about 
the vasa vasonim.” All this applies to the large vessels as well as to 
the aorta. Cowan states that he has witnessed obliterating lesions in 
the aortic vasa after aente rlieumatism. 

Interesting experiments have shown recently that injections of a 
solution of adrc'Tialin during a prolonged period produced typical athe- 
romatous lesions. This fact, first ohservc*d by Josue. has been confirmed 
by (h)nget,” K. Pearce and K. ATaeD. Stanton"” and L. Jlraini."” The 
latter observer, liowever, injected amyl nitrite simultaneously to conn- 

* Author' H ronrJnslon. 
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teract tlie vaaoeonstrietor action of the adrenalin. As the arterial 
acleroais followed iiev(‘rthclcss, he concluded that its action was aiinilar 
to that of other toxics. This view is in accord with niy interpretation 
of the inode of action of the adrenal secretion: liy injecting persis- 
tently adrenalin (the active principle of this secretion) into the blood, 
they produced excessive intracellular metaholisin, constriction and ob- 
struction of these vessels in the experimental animals. 

The fact that the adrenal extractives raise the arterial tension 
has long been known. M. Allen Starr^" suggested that in some eases of 
arteriosclerosis, the high tension was due to lack of activity of the thy- 
roid gland. On giving thyroid extract, he observed considerable improve- 
ment and lowcriny of tension. The manner in which this beneficial 
effc'ct was produced is plain, in view of the role of thyroi<lase. Not only 
did the latter sensitize (as opsonin) the poisons in the blood, but by 
increasing the sensibility of the depressor nerve, it rediiceil the fiinc^- 
tional activity of the adrenals and thyroid" and-i)rodiicod general vaso- 
dilation. It could not stiniiilatc the adrenal system here, since it was 
al ready overact i ve. 

That the adrenals are powerfully stimulated by waste-products and 
disease toxins we have seen in the first volume and in this. Vacpiez^' 
reported “a cas(* of p'u-sistcntly high tension which at autopsy showe<l an 
adenoma of the atirenal." 'the same observer suggests that “an adrenal 
irritation is responsilile for the change in tension and the tendency to 
arteriosclerosis.” Coplin writes in this connection: “In the discus- 
sion, .losing referred to his experimental studies and stated that, with 
l^ornard, he was at pres(*nt stmlying the adrenals from cases of atlu*- 
roma: they liavc reached the conclusion that in such cases the glands 
show evidence's of incr(*ased activity.” Coplin,^® who refers to theso 
observations as “highly suggestive” and demanding “careful clinii'al and 
ex]>eriinental study and furth(*r observation,” nders to histological s(J(?- 
tions of the adrenals of 22 cases of arteriosclerosis in which only 5 were 
found by him not markedly altered, the only cases d(‘parting from con- 
ditions which I ascribe to excessive stimulation being 3 of tuberculosis 
and 1 of secondary neoplasm. A large number of investigators have cou- 
lirined the (»bservations of Josue. Lissauer’^ and others, having studied 
the lesions histologically, hold that they dilVer from those of true a.rt(wio- 
sclerosis. That an ex])erimcntal condition brought on acutely, as it 
Avere, should difi'er somewhat from a corresp»mding disorder gradually 
dcA’eloped in human beings, is self-evident. Again, as obseiwed by .losue, 
Loci) and Oithens, and others, A’arious drugs Avhich raise the blood-pres- 
sure do not produce atheroma. This only ]>roves that, in accord willi 
my conception of the process, it is not the rise of blo»)d-pr(*ssure which 
causes the disease — since any agent capable of exciting the A’asomotnr 
and sympathetic Avould do so — but excessive metabolic activity in the 
vascular elements and hypertrophy, Avhich in such minute vessels as the 
vasa A^asorum — arterioles — means oblitei-ation. 

That wo. cannot ascribe the elevation of pressure to a direct action 
of the poisons upon the adrenals is shown by the fact that dr/itructirc 
metamorphosis do(*s not enhancG the functional activity of these organs; 
it reduces it. We have proof of this fact in the course of events in 
Addison’s disease. Moreover, Ave have conclusive evidence to the eirect 
that the antitoxic properties of the bh^od arc increased in the observa- 
tion of Sir James ]hirr^“ that the bkaxl of arteriosclerosis in 55 per 
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cent, of the cases gave complete agglutination with the colon bacillus, as 
compared Avith only 20 per cent, with the blood of persons free from 
arteriosclerosis. 1 have shown that agglutination indicated an increase 
of proteolytic activity. 

The fact that the administration of thyroid extract reduces the 
vascular tension, as stated by Allen Starr, Osborne'*^ and others, indi- 
cates, moreover, that the high blood-pressure is often but a temporary 
condition, and not, therefore, an inherent factor of the morbid process. 
This accounts for the lack of accord ae to presence of this symptom. 
Thus, while Cowan states that 'The essential cause of arterial sclerosis 
is an increase of arterial tension,” implying therefore that it is present 
in every case, Dunin^® found it normal or reduced in 80 out of 440 in- 
stances, after excluding all cases in Avhich there Avas loss of cardiac com- 
pensation. Keigi SaAvada,'*® in a scries of 08 cases, found an increase 
of blood-pressure in only 12..3 per cent., the accentuation of the second 
a'ortic sound being often present Avithout such a rise. Romberg’s®® inves- 
tigations shoAved even a smaller proportion, t.c., a rise of pressure in 
only 10 per cent. Allbutt,*^ Avho contends that the rise is not due to 
arteriosclerosis, but to some alteration of the blood or some “perversion 
of metabolism” (a prominent factor, in the light of my views), states 
that in the senile form, the blood-pressure is not usually elcA’^ated. 

In some eases a high vaseiilar tension is maintained through 
the resistance offered by tlie kidneys when tlies(3 organs are eoii- 
siderably inflamed or Avhen they arc contracted. Under these 
conditions, the toxic wastes accumulate in groat cjuantities in 
the blood and the two morbid conditions operating simultane- 
ously,* a v(3ry high and dangerous rise of the l)Iood-])rcssurc may 
occur — which may be reduced by appropriate? measures. 

In accord Avdtli the experience of other clinicians CroedoP® states 
that the blood- pressure is invariably increased Avlurn contracted kidney 
exists simultniif*ously. Roth llasciifclcr’-'* and Hirsch®* found that both 
ventricles of the heart, and not the left alone, Averc hypertropliicd Avheii 
the kidneys were diseased. 

Arteriosclerosis may be circumscribed into patches, tlu? so- 
called ^‘nodular” plates commonly found in the larger vessels, 
especially the aorta, Avlicrc they often occur in great numbers, the 
coronaries, the carotids, etc., and which vary in size from that 
of a pin-head to that of a dime. At first they arc smootli, gray- 
ish and translucent, the endothelium being unaltered (a fact 
which shows that the lesion is not caused by the blood circulat- 
ing in the artery itself) and project from the surface — ^usually 
about one millimeter. Later, however, they degenerate and be- 
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come opaque and yellowish-white. At this stage they may either 
break down, forming a ragged necrotic ulcer, the atheromatous 
ulcer, over which thrombi may be formed and carried to other 
parts by the circulating blood; or they may at once undergo a 
process of repair — if replacing of destroyed tissue by a lime 
mortar may be thus called — and the hard, calcareous atheromat- 
ous plate is formed. In this form the elastic portion of the 
media is the seat of the moat marked lesions, being more or less 
atrophied owing to degeneration. As a result, tlie vessel loses 
its elasticity, and its walls being calcareous give rise to the re- 
sistance felt at the pulse. 

The diffuse form of arteriosclerosis is mainly found in the 
smaller vessels, the walls of which consist mainly of the circular 
muscular layer of the media. As a result it is this layer which 
bears the brunt of the morbid process, but inshiad of becoming 
atrophied as does the elastica, it becomes, as a rule, as is 4;he 
case with the heart-muscle, hypertrophied. Nor is the process 
of repair the same: the calcareous deposits of atheroma are sel- 
dom observed and an overgrowth of fibrous tissue is the main 
resource to compensate for the loss of contractile elements. 

^riie circumscribed and diffuse forms may, however, occur 
concomitantly and the processes of repair likewise. In both 
forms narrowing of the caliber of the vessel, or even complete 
obliteration of the lumen, may occur when the vessel is suffi- 
ciently small. In both forms also this is mainly due to hyper- 
plasia of the tissues of the intima underlying the endothelium, 
most marked during the earliest stages of the morbid process, 
and followed by the formation of dense sclerotic tissue. 

T. D. Savill“" fonaiMora atheroma as a patchy fil) rood hilar infiltra- 
tion of the intima, and distinct from iniimal sclerosis. From a study 
of 400 bodies of persons who had died at the ago of 00 or U])ward, he 
concluded that extensive paterhy atheroma was consistent with extreme 
longevity and with a total absence of symptoms or vascular complica- 
tions. Omversely, he considers moderate disease of the mvsclar coat a 
serious pohnitial evil. Atrophy of this coat may occur in association 
with some w’asting disease, but hypertrophy is more common, especially 
after middle life; and may be sueeeedcd by cloudy swelling, with which 
granular degeneration is frequently associated; necrosis and calcifica- 
tion occurring in spots or foci of varied size. Savill holds that the 
combination of hypertrophy of the muscular coat and focal necrosis of 
the media is a most deadly one, and may produce death by hiemorrhago 
at an early age. 


“T. D. Savill: Lancet, Sept. 24, 1904. 
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As to the obstruction of the vascular lumen, Thoma®® holds that 
when the blood-stream is slowed from any cause, the intima, by a pro- 
cess of hypertrophy, rc'duces the liiuien of the vessels to restore the nor- 
mal rate of How — an explanation which Councilman,®^ Gibson®" and 
others have criticized. That we are dealing with a morbid phenomenon 
due to inHamnialion, devoid of any physiological purpose, coincides more 
accurately with the tc;achings of clinical experience. Obliterating endar- 
teritis may be marked in syphilis, but Cowair® states that he has seen 
it “in tlie aortic liasa after acute rheumatism,” and that it has been 
found in cases of diphtheria, scarlatina, smallpox and typhoid fever. 
Harie“® also found that small artcu-ies and veins were not infrequently 
blocked by inilammation in typhoid fever. 

Treatment. — In tlie tmitinent of tliis disoaso its two patho- 
logical stages must be clearly differentiated, since measures indi- 
cated during tlie second stage may prove harmful in the first.* 

Tlie first stage corresponds with the development of the 
lesions and includes (in the group of cases, liy far the largest 
met with, due to toxic Avaste-products of catabolism) throe 
definite, though concurrent, morbid conditions: (1) general 
adynamia, which entails (2) hypocatabolism, and, therefore, an 
accumulation of toxic wastes in the blood, the cause in turn of 
(.'!) the vascular lesions. 

The first indication is to reduce the volume of the patient’s 
waste-products.* The diet rcfpnres the greatest attention, the 
prime requisite being a reduction of the daily aggregate of food. 
This applies particularly to meats, whi(‘h contribute, owing to 
their wealth in nucleins, the bulk of the pathog(‘nic xanthin and 
hypoxanlhin. 11ie total omission of meat — fowl being allowed 
— and of alcohol from the diet, with rediudion of the other fcKids 
generally partaken of at regular meal hours, is sometimes sutTi- 
cient, when persevered in, to arrest the morbid jirocess and 
initiate convalescence. In severe, though not advan(!ed, cases, a 
milk-diet, at least one quart being taken daily during a couple of 
weeks to rid the blood of accumulated poisons, is necessary, 
before the preceding diet is begun. 

Sir James Barr®' contends that so far as arteriosclerosis is con- 
cerned, the excessive nse of nitrogenous fo<)d kills more adult men than 
alcoliol. After witne-ssing one of tlie great tem])eranee mlvoeaU^s of tlie 
last century dine, he predicted that he would not live three years; the 
intemperate eater was dt;ad Avithift two. 

• Author's concluftlon. 
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Of material assistance in the curative process is tlic absten- 
tion from the use of beverages which stimulate tiie vasomotor 
center, coffee and tea. Pure water in large quantities and 
diuretic drinks, such as milk and mineral waters, favor mater- 
ially the elimination of toxic wastes. A pinch of common salt 
in a glass of milk increases its digestibility and diuretic action. 

Important in this connection is the use of saline beverages, 
the destruction of toxic wastes by the blood's endogeneous anti- 
toxin being greatly enhanced when the blood’s alkalinity and' 
tlierel'ore its osmotic properties are adequate. The bi-weekly 
use of a re(dal injection of one quart of saline solution at 
110° F. (13.3° C.)*is very bciieiicial.* 

Sodiinn cliloriUo, avo luivo socii,"*-* eiilianccs {jr(‘atly the osmotio prop- 
erties of tile blood and other lK>dy fluids. Allhiitt"® attributes to “in- 
creased viscosity” and tlie iiitcirfcrence with tlie capillary circulation 
which this entails, the degenerative processes of arteriosclerosis. 

Tlie abstention from undue physical cxcudion is a necessary 
feature of the treatment, to prevent the ex(‘ess of tissue wastes 
and the rise of blood-pressure it entails.* Occupations which 
involve physical and mental strain, simultaneously, especially if 
aitemded with Avorry, are particularly ])ernicious. 

Shattuck®* states that men carrying gri*at responsibilities, siufh as 
the ca])tai]is of industry, show a high arterial tiMisioii. Bock"'* holds 
that iinm who sp(*culaU% brokers, bankers and those of similar occiipn- 
tion are predisjiosed to the disease. 

Various clinicians reconinicnd systematic miiscnlar exercise, reg- 
ulated gy mna sties, resisted iiioVeiiieiits, ete. f ean dise(*iii no seieiitilie 
reason for such measures, and am inelined !«> believe that what heiielit 
is apparently derived from them is, in reality, due to the liygienic or 
medicinal treatment resorted to coneoinitantly. Iliichard"'’ rc'coininends 
massage on the plea that it enhances the elimination of waste-|)rodncts. 
It h(*co!nes a question Avhether this excess is not n product of the mani- 
pulations. 

Tepid hatJis should alom* ho rccommcnd(‘d, as cold or warm 
baths increase snhentaneous nietaholism, and therefore the for- 
mation of waste-products. Cold baths are particularly danger- 
ous when there is a tendency to cerebral hamiorrhago — a com- 
plication which threatens any case of arteriosclerosis and which 
can but seldom be fores(»en. Lukewarm sea-water baths are 
beneficial in all stages of the disease.* 
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Groedcl"’ found that the Nauheim baths did not cause an injurious 
increase of the blood- pressure when their temperature was almost indif- 
ferent, i.e., 92® to 93® F. (33.3® to 33.9® C.), the primary contraction 
of the cutaneous vessels passing off quickly. 

An essential feature of the treatment is to avoid the reten- 
tion in the intestinal canal of dejecta capable of causing auto- 
intoxication. Saline cathartics, the best of which is the citrate 
of magnesia, should be taken periodically if needed. In some 
cases the accumulation of toxics is mainly due to hepatic torpor; 
a purgative dose of blue mass, followed by a saline purgative, 
given at intervals of two weeks, aids materially the curative pro- 
cess, by freeing the intestinal canal of any accumulation of 
excreta, thus obliterating a common source of autointoxication. 

MI’Lvsures wiiTcir Counteract Directly the Morbid 
ProcjuSS. — ^^riie beneficial action of thyroid gland is accounted 
for by the controlling action which large doses of this agent 
liave over the adrenal system.* By increasing the sensibility of 
the depressor nerve (Cyon) owing to the excess of thyroidase it 
contributes to the blood, thyroid gland causes constriction of 
the arterioles through which the anterior pituitary and the thy- 
roid apparatus arc supplied with blood.* The supply of adren- 
oxidase (besides thyroidase) being diminished, the metabolic 
activity in the vascular walls is reduced,* and the chief patho- 
genic process is thus controlled.* 

The large doses of thyroid gland that have been used are 
unnecessary.* When the vascular tension is high, the blood 
already contains a large proportion of thyroidase and small doses 
sometimes suffice to raise the proportion of the latter to the point 
at which it will control the depressor, and through it reduce the 
functional activity of the adrenal system.* The arterial tension 
should be the guide, and starting with 5 grains (0.3 gm.) three 
times daily (taken during meals), the dose should be increased 
or decreased according to the condition of the pulse and the 
resistance of the arterial system in general. Large doses may 
cause a sufficiently violent fall of the blood -pressure by causing 
excessive constriction of the pituitaral and thyroidal arterioles* 
through the depressor, that cardiac arrest may occur. 

LuTiffftn^aux®* observcnl marked benefit in a well-defined case in 
which he gave 30 to 45 grains (2 to 3 gma.) daily. The arterial ten- 
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sion was lowered and tlie hard, calcareous arteries seemed to undergo 
resolution.' Geo. Oliver, ae(;ordiiig to Jhirr,'’" showed several years ago 
that thyroid extract caused dilation of the artm-ies, and Barr, in experi- 
ments upon himself, found that it increased tissue inetaljolisni. M. Allen 
Starr, as previously stated, has repeatedly observed the “constant thera- 
peutic effect of the administration of thyroid extract in lowering ten- 
sion.” 

Huchard"^® in a paper on the use of hyptotensive medication writes, 
alluding to thyroid extract: “The latter has been classed by Livon 
among the glands which have a vasoconstrictor action, but its vaso- 
dilator and hypotensive action has been demonstrated by the experi- 
ments of Oliver and Schilfer, TIaskovec, Cunningham, Cyon, Glcy and 
Langlois, Guinard and Martin.” I have shown that tiiese two divcrgimt 
views are both sound, since small doses rai\vf the vascular tension by 
exciting the pituitary body, while large doses lower the blood- pressure 
by depressing the pituitary. Alluding to the latter effect, Huchard also 
says: “One can thus understand how and why thyroid extracts, and 
especially iodothyrin, were able to benefit, according to Tjancereaux and 
Paulesco, patients suffering from scleroderma, vasomotor disorders of 
the extremities and arteriosclerosis. But their hypotensive action is 
brus(pie and sudden ; it may even be attended with asthenia and cardiac 
(iollapse, which is a great inconvenioiw^e, the purpose of hypotemsive 
medication being always to relieve the hcjirt without weakening it.” 

Acting in the same manner, but less energetically, are the 
iodides, which have been extensively used. Beginning with 5 
grains (0.3 gin.) three times daily, in a tiimberl'id of water, 
aTter meals, the dose may gradually he increased until 15 grains 
(1 gm.) are given. Tho remedy should be taken during a pro- 
longed period, suspending its use one week every month. It is 
ellicacious irrespective of any syphilitic taint.* 

E. Roinherg” holds that the eflicacy of small doses of potassium 
iodide has been established. James Barr^- says that iodine is often 
more valuable than thyroid, (^mibemah*^® considers potassium iodide 
the remedy “par excellence'^ in arteriosclerosis. Milk seems to facilitate 
the tolerance of this drug, and is at the same time the best vehicle for 
its administration. Jodlbaucr” ascribes its beneficial aidion to the fa<‘t 
that it distinctly dilaU^s the arterioles. That the action of potassium 
iodide corresponds with that of thyroid extract is well shown by the 
following quotation from a paper by Cummins and Stout” on experi- 
mental arteriosclerosis: “Tt has already been shown by Prevost, Binet 
and others, that the iodide in large doses produc(Ml diminished vascular 
tension, and is eflicacioiis in overcoming the spasmodic condition of the 
sclerosed vessels.” 

In some cases the persistence of a high degree of arterial 
tension demands prompt action. An indication of this is insom- 
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Ilia, due to cerebral liyiioraiiiiia — a condition which, in itself, 
entails the danger of cerebral Jiaunorrhagc. The sensibility of 
the vascular centers must then be r(Mluced artifudally. Nitro- 
{jjijcorin is tlie best remedy for this purposg, ^/^lo to V«n 

grain (0.00051: to 0.001 gm.) being taken at bedtime and kept 
up a week, unless headaclie or naus(‘a supervene. AVhen it loses 
its effects, tlie other nitrites may be tried. The bromides or 
chloral hydrate, or better combined, giving 10 grains (0.6 gm.) 
on retiring, may be us(‘d as substitutes. The bromides alone in 
20-grain (1.6 grn.) doses, as nec'ded, are very efficacious when 
a high blood-pressure and headache jioint to the presence of con- 
siderable cerebral hyperannia.* 

J. Ar. Ainlors'^" stato» that apliygmographie tracings indicate the 
vasodilator ctrccls of nitroglycerin in arteriosclerosis and that the drug 
is iinlicated and most eirective in early csises when th(*re is a marked 
increase in the arterial ])rossurc and the heart is hypertrophied. IT. .1. 
C'amphclF' holds that when the lieart is hy])ertropiiied and its muscle 
beginning to fail, the main indication is undoubtedly to save the work 
of the heart as much as possible. The regular administration of small 
doses of nitroglycerin is benencial; but massage* and restricted move- 
ments are strongly contraindicated, as is also the use of digitalis, 
strychnine or other heart tonics. Attcjition to the boweds, as in all 
cases of <*ardioarterial disease, is of the lirst importance. The value of 
the bromides in such conditions I luive been able to appreciate in my 
own cases. 

I'lic second staye inedudos the period during wbicb tlu; func- 
tions of various organs, tlie heart, ilie kidneys, etc., arc corn- 
])romised l)v marked organic lesions. 4'luis atheroma of the 
base* of the aorta often extends to tlie aortic valves, causing them 
to fuse together or to adhere to the aortic walls, thus causing 
insuflicicncv or stenosis of the aortic orifice. Again, wdien the 
small branch(*s of the coronaries are alone sclerosed, degenera- 
tion of the ar(;as supplied by the distributing capillaries follows 
and the muscular fibers d(?stroyed are r(?pla(;ed by fibrous tissue. 
I'Ik; remaining muscular elements taking on more work to com- 
jxmsate for the loss, they are overfed and b(*come hy])(?rtr()phi(Ml, 
the whole organ becoming through this y)rocess more or loss 
(mlarged. The kidmjys, we have seen, are tlu) seat of a marked 
irritation which ultimately leads to the condition of granular 
kidtuiy. '^riie liver, the brain, the pancreas and all other organs. 
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in fact, may bear the brunt of the disease and give rise to spe- 
cial symptv)nis wliich are grafted upon the morbid phenomena 
of the general disease, and require measures directed to tiu'se 
organs, as illustrated below in the ease ol' tlie heart. 

The remedial measures recommended for the first stage are 
all applicable in the second. When seen late, howev(*r, tlie 
hypertrophied heart may show evidences of degeneration, espe- 
cially of the right ventricle. TTere the judicious use of digitfitis 
becomes necessary, provided the artinvial tension be iioiTual or 
subnormal, which is often the case when the disease is advanced. 
Digitalin, grain (O.OOfio gm.) twi('c daily, is ell'ective under 
these conditions. If the tension rises, nUroijh/rcnn, sodium 
nib'ilc or nrj/Ihrol tetranilraln may be used to counteract this 
effect. We thus su])])ort the heart and simultaneously avoid 
unusual resistance of the blood -column to the contractions of its 
walls. 

Tlu* combined uso of digiliilis and the nitrites was introduced by 
nuebard ami lias been advoeat(‘d by JIalfour, IbiCosta and others, but 
it must be resorteil to with eireumspeetiou. Agejl patients seldom bear 
digitalis well. Delaiicey Ibudicster** eoiitends that it is always a dan- 
g(u-ous drug in art<*rioscIero.sis. Combemale’” states that in tbc last 
stages of artorioselerosis. digitalis and digiialin or sparteine arc the 
only r(?sour(;(!s wc have h*ft to prodiiec even a palliative olfcet. 

AXdlNA I’KCTORIS. 

S YN O N Y^rs. — S I (• n ora rd in ; Broasl-pn nrj. 

Definition. — A paroxysmal disorder of the heart the char- 
acteristic symptom of wbicb, severe pain in and around this 
organ, is due to an excessive and violent influx of arierial blood 
into the nivocardiiiin ajul its nervons (dcMnents. This flooding 
of the cardiac muscle is due, in turn, to inability of the coronary 
arteries, when atlieromatous, to contract suflicicntly under the 
inlhumee of their vasomotor nerves to prevent it when the blood- 
pressure of the body at large becomes high, owing to the pres- 
ence, in the blood, of Avaste-p rod nets in sufTicieiit quantities to 
excite the vasomotor center.* 

Symptoms. — Tlu* most jirominent syfnptom. pain, may bo 
oxernciating and comes on suddenly, often after mental exeite- 
ment, a copious meal, exposure, a muscular elfort. etc. Tt be- 
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gins behind the sternum or in the heart, this organ feeling as 
if violently constricted, compressed or stabbed, and extends into 
the neck, the hack, the shoulders, down the inner aspect of the 
left arm, often to the wrists and finger-tips. In some cases the 
pain is even more diffuse, radiating to tlie head and both shoul- 
ders, the trunk and lower extremities, and may be followed by 
amesthesia of the left hand or arm, preceded by tingling. The 
face may be pale — ashen-gray rather — or flushed, and is usually 
covered with sweat. The features betray the intense agony to 
which the patient is subjected and fear of impending death. 
The cardijic action is often regular, but in some cases the gallop 
rhythm occurs or the action is turbulent and irregular, then 
weak and distant. The pulse varies consid(?rably, being at one 
time slow and tense, then fast, and finally irregular and even 
imperceptible, to recover again and resuiJie its normal action. 
Often, howev(‘r, the pulse shows but little, if any, change. Dys- 
piKiia, stri(?tly speaking, is seldom present, but the respiration is 
shallow, a deep breath ])eing taken at intervals. In the excep- 
tions, however, typical astlima may be present, including the 
piping rfiles during expiration. Consciousness is seldom lost 
except in the final attack. In favorable cases tlu^ pain may cease 
as abruptly as it began, gaseous eructations and a (opious flow 
of urine marking the end of the attack. 

In most cases, the disease begins insidiously, the attacks 
being at first slight and occurring at long intervals. Gradually, 
however, they become more severe and appear more frequently 
until death occurs — not always in the midst of a paroxysm, but 
suddenly and without warning. In other cases the attacks fol- 
low one another in rapid succession; in a third group death 
occurs during the first paroxysm. 

Pathogenesis. — The primary cause of angina pectoris is an 
organic lesion of the coronary arteries. It is not, however, as 
now believed, due to obstruction or stenosis of these vessels, but, 
on the contrary, to their inability to respond to the constrictor 
impulses of the vasomotor nerves distributed to them, and 
through which the volume of blood supplied to the heart-wall 
is regulated.* 
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As I have i)oiiited out elsewhere,*® the physiological rOlc of the vaso- 
motor and sympathetic network supplied to the coronaries and their 
branches is that fullilled by these nerves elsewhere, viz., to constrict 
their muscular layer and thus reduce to its proper limits the volume 
of blood supplied to the heart walls. Organic changes must necessarily 
inhibit this function. That the coronaries are the seat of such lesions 
in tliis disease is familiar to every one. lluchard’s*^ summary of 145 
autopsies shows that in 68 instances there were lesions of both coron- 
aries, and in the 128 of the total in which the presence of such lesions 
is specified, 121 were atheromatous. That in the remaining few, lesions 
capable of interfering with the nervous functions of the vessels are 
present, though not advanced sufiiciently to be discernible, is probable. 
Osler*^ states that ^^anatomically it has been shown that lesions of 
the coronaries are almost invariably present.” 

This involves the necessity of showing- that angina pectoris can 
occur when the coronaries are patent, .lenner,''^ for example, to whom 
we owe the discovery that these vessels are diseased in this disease, did 
not find obstruction in the eases he examined post-mortem; in the one 
“the coronary appeared thickened;” in the other, the vessel itself was 
“discovered to be a kind of firm, fleshy tube.” Osier,"* who cpiotes these 
observations, states that the coronary arteries of John Hunter, who died 
of angina pectoris, “w(;re found to be converted into open bony tubes.” 
In a* case reported by lleverley Robinson*® in which there was “terrific 
suflering,” the coronaries, “although uniformily alTectcd by arterio- 
sclerosis, were of large caliber an<l patent throughout, except near the 
end of a small branch,” a fact which shows that tlie case “was not due” 
to “localized sclerosis and obstruction to the lumen of the coronary 
arteries.” Other examples of this kind are available in literature. 

(conversely, the coronaries may be diseased, narrowed, obstructed 
and even destroyed in part without giving rise to angina pectoris. 
Auscher"® found the coronaries almost occluded by atheromatous plaques, 
in numerous autopsies of old people who had never suirerc'd from the 
disease, and ho refers to Pillict, who confirmed his observations, and 
found a large number of obstructed arteries which had never caused 
angina. Tison*’ reported two instances in which, though the coronaries 
were atheromatous, calcified and rigid, with great narrowing of lumen, 
being scarcely permeable in one case, angina had never apyieared. 
Osier"* refers to a case in which, although no sign of the disease had 
occurred, the left coronary was “almost obliterated, only a pin-point 
channel remaining,” while the main division of the right artery “was 
converted into a fibroid cord.” 

Much confusion prevails, in ray opinion, owing to erroneous inter- 
pretation of post-mortem findings. That various substances found in 
the non-fluid state in the tissues after death are mobile Iluids during 
life is shown by the post-mortem formation of myosin. That the cor- 
onaries and their branches are often fouinl obstructed by substances 
which during life freely circulated through them is therefore probable. 
This relegates to fibrosis and calcareous degeneration the main role as 
sources of obstruction, and we have just seen that thej’ may exist with- 
out causing the disease. That life can continue even to old age not- 
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withstanding, shows that the remaining vessels, though strained per- 
haps, siilHce to nuurisli the heart-wall. Jt is only when, as I interpret 
the process, their walls become diseased suHieiently to respond no longer 
to the controlling impulses of their vasomotor sympathetic nerves, and 
the blood can without restraint HcmkI the myocardium, that the aiiginoiis 
attacks can occur. 

Wlicn from any eanse getural vasoconstriction occurs and 
tlio blood- press 11 re in tlic body at large is j’aised beyond a cer- 
tain limit, an nnnsnal volume of arterial blood — varying in each 
case with the degree of control io which the coronaries are still 
subjected — is forced into the myocardium.* The myocardial 
vessels being thus inordinat(dy dilated, and the v\h a trrgo 
motion of tlie blood being nnnsnally viobait, a fj)rcerul and 
mechanical liy|Kn-a*mia of the nervi nervorum and neurilemma 
of the multitude of nerves and ganglia which the heart-walls 
contain is caused.* This evokes the primary stage of neuritis 
in the cardiac structures,* and, therefore, local neuralgia. 

XothiiJigcl, as is well known, ascribed a form of angina which he 
termed “Angina Pectoris Vaso-in(»lt)riji** to vasomotor spasm, and the 
pain to the sudden increase of blood-pressure and strain imposi’d upon 
the heart. Suggestive in the present connection is his observation that 
the increase of vascular tension preceded the attack. William KusselP'* 
reached a similar conclusion. In the four eases re|)orted the pulse in- 
variably indicated the advent of an attack by becoming hyp(‘rtonie; and 
relaxation took ])lace when the attack ceased. In a case reported by 
Dodd"® sphygmographie tracings taken by J^auder llrunton show(*d a 
high blood-pressure during the height of the attack and a lowert'd pres- 
sure during the inhalation of amyl nitrite, which, as lirst shown by 
nrunton, relieves the attack. These observations are conlirmed by those 
of Fraenkel."*- Avho states that, although the pulse may be but slightly 
or not at all affected, the blood -pressure is always raised; this author 
refers to Pal as liaving also found the blood-pressure elevated during the 
paroxysm, (r. A. Gibson"^ ascertained that the rise was very marked, 
varying from ItIO mm. to ITU mm. ilg. 

The cardiac ])ain, as 1 interpret it in the text, is readily aecounted 
for by the innervation of the heart-walls. Osier, rehuring to ll(u*ke- 
ley’s"® histological study of the myocardium, states tlmt “everywhere 
throughout the organ — in the tissue beneath the endocardium and peri- 
cardium, through the muscle substance ami about the blood-vessels — the 
nerves are in extraordinary profusion,” including ftrnsory nerve-endings 
demonstrated in the arteries by Thoma ami in the* connective tissues by 
Smirnow." True, as Osier says, “the most extensive lesions, inflamma- 
tory, degenerative and neoiilastie, may not excite a single painful sensa- 
tion. Pericarditis of the most intense grade, with di-ep involvement of 
the myocardium, may give not the slightest indication of its existen(;e.” 
This only proves, however, that an additional factor is necessary in this 

* Author's f'onriuftlon. 

William Russell: Brit.. Mrd. .Jour., Fob. 10, lOOfl. 

““Dodd: Ibid., Feb. 10 . 

Fraenkel: Deut. mod. Woch., Rd. xxxl, S. .009, 1905. 

O. A. Gibson: vol. xxviil, p. 52, 190.5. 

Berkeley: .Johns Hopkins Ifosp. Reports, vol. Iv, p. 112 1894 

“Smirnow: Anat. AnzelKer, Bd. x. s. 737 , 1894-95. 



ANGINA PECTORIS. 


15()9 


connoction: that whirh I have shown to be the source of neuralgic pain 
elsewhere, t.c., hyperaMiiia of the nerve-sheath itself. Indeed, J^ancer- 
eaux and Peter** toiind in several cases distinct evich'iice of neuritis in 
the nerves of the cardiac ])lexus, a fact conlirined by (filbert and (hir- 
nier.** Jjaennec, Hope,**' Trousseau** and other authorities rej^arded 
angina pectoris as a neuralgia. 

Wlieii the corona ri(‘s arc siilTici(^ntly diseased to rcaider the 
dcv(dopnu?nt of an attack possible, the ]>resence in tlie Ijlood of 
any substance cajiable of stimulating the vasomotor center sulTi- 
ciently can provoke an attack.* Normal physiological wastes, 
siicli as those that follow the ingestion of food, siiHice, in ad- 
van(*(‘d cases, to cause a paroxysm, espcn-ially when the kidneys 
are at all diseased. In the majority of cases, howev(‘r, there is 
a history of gout, syphilis, innuenza, malaria, scurvy or other 
disease of a debilitating character, and which, tliereforc, entail, 
(*s])ecially after middle-life, hypocatabolism and its conse(|ueiices, 
the formation of toxic; wash's and acidosis. These (*onditions 
tend not only to cause an elevation of the blood-pressure, Imt 
sudden exacerbations of the same after dietetic indiscretions, 
exposure, etc. Worry, grief, sho(;k, excessive drinking, smok- 
ing, venery, etc., also pre])are the ground for angina ])e(‘toris by 
debilitating the organism and slowing all metabolic proc(*sses.* 
'Fits of anger and overexertion, by suddenly (‘ausing the appear- 
ance in the blood of an unusual pro|)ortion of waste-f)rodu('ts, 
likewise cause a sudden rise of blood-|)r(‘ssure* which, in fact, 
may ('ause instant death. In sojiie cases the gcmeral vasomotor 
cemter finally becomes oversensitive?, wh(*n the least physical 
effort, paljiation, etc., will ])rovoke a ])aroxysm. 

CfillxM-t and (larnicr*'® ooiibaid tliat all cases of angina pectoris aro 
of toxic ofigin dm? to uncinia. Zilgren'"" obscrvc<l four cases following 
a febrile tonsillitis, and ascribes the disease, in toxic? materials dcwiv(»d 
from the? tonsils. Curtin and Watson,'"' for example, observed a largo 
nund)er of cases a,ft(»r an epidemic of the? last-named cliscNisi*. (ic'*lineau'"“ 
observed many cases among sailors previously debilitated by scurvy. 
Kxcitement such as that of cjuarreling also provokes a rise of the blood- 
pressure*, as shown by a case reported bv lleineman.*"'* llnssell,*"^ more- 
over, ernphasizc's the fact that in arteriosclerosis the vess(‘ls “are prone 
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to become hypertonic from causes which arc commonly regarded as 
trifling/* and cites Pal’s opinion to tiie same effect. Russell, moreover, 
states that *4iypcrsensitivcness of the vasomotor center will explain what 
has long been recognized — that paroxysms of angina have as their main 
determining cause physical effort, mental emotion, or digestive disturb- 
ances” — a very judicious conclusion, but applicable only, as 1 specify in 
the text, to certain advanced cases. As 1 interpret this question, the 
vasomotor center is normal, as a rule, and only becomes hypersensitive 
when the blood contains substances which unduly stimulate it during a 
prolonged period. 

1'he cx(Tiiciatijig retrosternal pain is not due to the neural 
liypcraania of the inyocardiuin, hut to forcible expansion of the 
aorta immediately above tlic heart.* This portion of the vas- 
cular system is not only subjected to the stress which the resist- 
ance of tlie abnormally constricted arteries of the entire body 
imposes upon it, but also to unusually powerful contractions of 
tlic cardiac muscle, Avhosc activity is greatly enhanced by exces- 
sive volume of arterial blood circulating through it.* 

Osier’”'' says in this connection: “Jhiumes ranked the disease as 
a retrosternal ileuralgia (sternalgia) . Laeiiiicc gave it his strong sup- 
port and held that either the pneiimogastric or sympathetic division of 
the cardiac nerves might be iinplieuted, and with cither of them the 
brachial plexus.” Corrigan, Romberg, Bamberger and otljers held the 
same opinion. Allbutt, recalling that the m(»st acute pain is retro- 
sternal, above the heart and on a level with the aorta, and, moreover, 
that aortitis gives rise to pain which resembles that of angina pectoris, 
considers the aortji as the only seat of pain. Tliat his conclusion is 
warranted, in so far however as to the aorta being a scat of pain, is 
suggested by the self-evident explanation of it that my conception of 
the morbid process, as a whole, affords. 

Treatment. — Muasuiies which Ahkest the Paroxysms. — 
The paroxysm being due to the presence of an excess of blood 
in the myocardium and violent expansion of the aorta,* our aim 
should be to deplete these structures. A rnyl nitrile, by causing 
dilation of all arterioles of the body, and, in large doses, depres- 
sion of the vasomotor center besides, and therefore retrocession 
of the blood in the great splanchnic area, fulfills this object.* 
The volume of blood being reduced in the cardiac area, the 
myocardiac and aortic tension cease,* and the pain likewise, 
almost at once when a few drops of this drug are inhaled. 
Nitroglycerin acts in the same way, tliough not so promptly, 
but its effects arc much more lasting, the blood-vessels remain- 
ing dilated half-an-hour or hour, or longer after an injection of 
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Vloo grain (0.00065 gm.). This may be repeated as required 
to sustain the effect. When these agents cannot be readily ob- 
tained, two teaspoon I'll Is of sweet spirit of nitre in a wincglass- 
ful of water will afford relief while they are being procured. 

The suffering may also be controlled with drugs capable of 
dulling sensibility of the heart-muscle, by causing constriction 
of its arterioles — including those that supply nerve elements — 
through their stimulating influence on the sympatluitic center.* 
Morphine, 'A grain (0.016 gm.) administered liypodcrmically, 
is very eflicacious in this connection, when the lesions of the 
coronaries and its brandies are not too far advanced, or the 
arterial tension in the cardiac area is not too great. ^Hie best 
results are obtained by giving it immediately after the amyl 
nitrite inhalations.* The effects of both drugs arc thus insured 
and prolonged.* 

This is accounted for by the fact that the drugs aid each other: 
amyl nitrite depletes the cardiac area, while morphine contracts the 
arterioles.* Much the same eil’cet is produced by Waugh’s method."” 
'J’his clinician gives a granule of v «. grain (0.00020 gm.) of glonoin 
every minute until relief onsiu's and the face tluslics; he then deepens 
and prolongs the ciTect by giving atropine — which also contracts the 
arterioles* — V sm grain (0.00020 gm. ) every ten minutes till the mouth 
begins to become dry. It has often been noticed that morphine even in 
very large doses fails to produce any effect; the cause of this is self- 
fwident when centrifugal distension of the cardiac and aortic vessels — 
in accord with my interpretation — is considered as the underlying cause 
of the pain. 

Measures wjitcit Prevent the Paroxysms. — Tho con- 
tinuous use of mor[)liine, belladonna, the coal-tar products and 
other agents which stimulate the sympathctii; center is not advis- 
able. This center rayndly weakens under prolonged stimulation 
find tlie patient’s general condition is aggravated.* Agents 
which depress the vasomotor center are preferable, th(*ir benumb- 
ing effect on the latter preventing the sudden elevations of the 
blood-pressure which evoke the accesses.* ^Sodium bromide, 20 
grains (1.3 gms.), alternating with chloral hydrate, 15 grains 
(1 gm.), or tincture of verntrum viride, 15 minims (1905 IT. S. 
P.) (0.9 c.c.) given once daily, repeated if need be, efliciently 
protects the patient against attacks.* Nitroglycerin may be 
given in V,,,,, grain (0.00065 gm.) doses three times daily. 
Sodium nitrite, 2 to 5 grains (0.13 to 0.3 gm.), may be used as 
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a substitute when nitroglycerin begins to lose its effect. Ery- 
throl tetranitraie in l-grain (0.055 gin.) doses four times daily 
has been highly recommended. All these agents are vasomotor 
depressants. 

Nitroglycerin is si useful sigeni in this connection. William Mur- 
rclP‘"* states thsit the best rc‘sults are obtained when the spirits of glo- 
iioin arc used. Ilis preferred formula is: — 

3 Spiritus (llonoini (11. P.), 

Spiritus Chloroformi, aa, Va drachm (2 gms.), 

Tinct. Capsici, 1 drachm (4 gms.). 

Aq. menth. pip., a<l 1 ounce (ao gm.). 

A teaspooiiful every f<mr liours, an extra dose being taken imme- 
diately on tlie onset of the attack. 

He advises that this be a stock bottle from which should be replen- 
ished three or four small bottles containing a drachm each, which can 
be carried in the vest-pocket for immediate use when needed. Erythrol 
tetranitrate has been recommended by .f. 11. Hradbury,*”'' Adam,"“ 
Houghton Addy'" and others, lluchard"- deems it capable of maintain- 
ing continuously the vascular tension close to its physiol«igical limits. 

'riio attacks may be reduced and even prevented by dietetic 
memures, most important of which is to limit the amount 
of food taken and to abstain from the use of moat, the catabolic 
products of which are especially active as vasomotor stimulants.* 
Late suppers are particularly harmful, and (‘veii dangerous. A 
milk diet of two weeks’ duration, aided by one of the nitrites, is 
very ellicacious, even in severe eas(‘s. I'lie limited di(‘t is sutff- 
cient in some instances to avert ])aroxysms, provided worry, vio- 
lent exertion, and other exciting causes can be avoided. 

lluchiird"'’ stales that angina with endocarditis is relieved by an 
exclusive milk diet and theobromin for two weeks, then one week each 
month with so«lium iodide. During the rest of the month a restricted 
diet is allowed. Osier regards the diet in many eases as “the central 
point in the treatment.” Uussell emphasizes the close relationship be- 
tween an injudicious diet and a high vascular U^nsioii and adduces cases 
proving this contention. 

The progress of the disease may often be stayed by the use 
of potassium or sodium iodide, 5 grains (0.13 gm.), gradually 
increased to 10 grains (0.(5 gm.) after meals, after the patient 
has l)ccn on the restricted diet two or throe weeks. Thyroid 
gland, 1 grain (O.OG gm.) three times daily, is also useful.* 
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By stimulating tlio adrenal center, catabolism is enhanced anil 
toxic wastes do not form. The nutrition of the arteries being 
gradually improved, the primary Jiiorbid process, arterial degen- 
eration, is antagonized. An important feature of the treatment 
is to avoid constipation and intestinal autointoxication. An 
occasional saJine jmrgativc sullices for this pur|)ose. 

Hlrychnine and digUalis are casually niiuitioned by some 
authors. Strychnine, being a vasomotor excitant, predisposes to 
attacks, while digitalis by enhancing the vigor of the heart's con- 
tractions may aggravate the attacks — a fact sustained by clinical 
observation. I regard these drugs as harmful as long as par- 
oxysms arc likely to occur. 

CEREBRAL HAEMORRHAGE. 

Synonyms. — . 1 poplexy; Cerebral Apoplexy, 

Definition. — An effusion of blood in the brain due, in the 
majority of (idiopathic) cases, to rupture of an atheromatous 
artery, and the exciting cause of which is an unusually high 
blood-pressure, 'nie pathogenesis is that of arteriosclerosis, in- 
cluding the role of the adrenal system in this disease.* 

Symptoms. — Prodromal symploms o(;casionally occur: head- 
ache or a sensation of fullness in the head, vertigo, tinnitus, 
excitability, abnormal semsations on one side of the body, es|)e- 
cially the extremities, such as tingling, numbness and choreic 
movements. 

The apoplerlic slrolre itself may be preceded l)y slight ver- 
tigo, slight aphasia and unilateral weakness, and paralysis of a 
leg or arm; hut often without any such symptoms the patient 
drops suddenly, and, occasionally, after a few convulsive move- 
ments, becomes (*omatose. 1'he face is dusky and even cyanotic, 
though sometimes pale, the pulse slow and relatively strong, full 
and tense; the breathing slow and stertorous, and often of the 
Cheync-Stokes type, the checks being blown out on one side and 
the lips being flabby, owing to paralysis of tin* imiscles of these 
struidures. Tn ingravescent apoplexy the symptoms come on 
gradually, in keeping with the slow progress of the effusion. 

Tn some — usually very severe — casiis the face becomes very 


* Author’s (Icflnitfon. 
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pale or livid, the pulse and heart beat feebly, all muscles relax, 
and the patient may die after being comatose a short time, or 
he may reinain unconscious some time, recover somewhat, and 
die in the midst of a second seizure; or again, he may improve 
and follow the course of a less severe case. 

The peripheral effects of the cerebral lesion then become 
manifest, one side of the body, including the facial and ocular 
muscles (the eyes being turned toward the side of the lesion), 
being as though paralyzed. The cutaneous reflexes may be 
elicited by vigorous stimulation, pinching, pricking, etc., but, as 
a rule, all the reflexes arc abolished at first on the affected side, 
and often on the normal side as well. '^^Fhe pupils are often 
unequal in size, contracted at times and dilated at others, and 
respond slowly or not at all to light. ^Fhc feces and urine are 
usually passed involuntarily. There is often polyuria, the urine 
often containing sugar and albumin. 

The period of reaction is initiated by fever, the tempera- 
ture, one or two degrees F. below normal aftiT the onset of 
attack, now rising to 10t° F. (38.3° C.), or even to 103° F. 
(39.4° C.). After a jieriod varying from a few hours to sev- 
eral days, the patient recovers from the coma, more or less dazed, 
restless or even delirious, especially if the fever is marked. 

The paralv^^cd mus(?les may now l;ecome temporarily rigid 
and even spastic, Imt ultimately the loss of power again bei*oines 
manirest, affecting all th(» muscles of one side, though differ- 
ences in degree of paralysis exist between the arm and leg, or 
between flu? fai'e and extreiniti('S, — the leg escaping, for in- 
stance, while both the face and arm are paralyzed, etc. '^Fhe 
(dieek and li[)S of the corresponding side remain relaxed, as they 
were during the comatose f)criod ; the tongue, when ])roiruded, 
is pointed toward the [)aralyzod side, and the loss of function of 
one-half of its muscles causes speech to be thick and almost 
unintelligible. ^Fhe sphincter muscles may preserve their activ- 
ity, however, at least for a time, and ilie reflexes, abolished at 
first on both sides, may now return, and also, after some time, 
on the paralyzed side, where they ultimately become exaggerated, 
though the electric reactions show no change. 

The period of resolution begins when tlie paralytic phe- 
nomena show improvement, especially in the musch^s of the leg. 
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As it is the extensors which recover their contractility, the limb 
remains stiff, and when the patient is able to walk, the log is 
swung around in a semicircle at each step, the toes scraping the 
ground. This gives the patient the (diaracteristic gait. It is 
regarded as an unfavorable omen when the arm is the first to 
improve. What improvement occurs in this extremity is in the 
flexors and pronators, the arm being thus drawn close to the body 
with the wrist flexed, the forearm semi-pronated and the fingers 
closed over the flexed thumb. 

An important feature of this stage is that passive motion 
is readily performed. The paralyzed muscles are structurally 
normal, but being of the voluntary type they are not used and, 
failing to be nourished, become rigid, tend to contract and to 
remain fixed in this condition — the “contractures’' so (iommonly 
observed in this disease. When this has occurred passive motion 
is no longer possible. Symptoms due to impaired nutrition are 
often discernible in other structures, tlie skin of tlic arms, for 
example, which may become red and lustrous and eold. The 
readiness with which extensive sloughing occurs on the ])ara- 
lyzed side in bed-ridden patients also ])oints to impairment of 
the nutritional functions. f^)mplcte paralysis, (‘veii of the arm, 
docs not always oc(!ur, however; after a‘ few months in some 
cases, the use of tlie fing(‘rs, hand, forearm and arm is gradually 
and progressively regained. 

The term “resoliitioir’ T ap])ly to this period seems irrelevant when 
the frequen(;y with which paralysis follows a stroke of (*(*r<’liral hiinnor- 
rhage is taken into account. Yet, in the lif(ht of my views, as will he 
shown under “Treatment,” such an untoward result is probably avoid- 
able, and su(;h beinj^ the case, “resolution” becomes applicable. 

The syniptomaiology of the stroke itself varies considerably 
as to intensity in different cases, and the ultimate result corre- 
sponds, in a measure, with the severity of the primary phe- 
nomena. Among the favorable signs arc: a brief duration of 
the coma; motion, even though slight, of the paralyzed limb 
during the first twenty-four hours; a moderate rise of tempera- 
ture when reaction occurs (102° F., .‘18.9° C.), and restricted 
paralysis, brachi -crural, facio-brachial, etc. The unfavorable 
signs are: prolongation of the coma beyond twenty-four hours; 
marked hypothermia; initial convulsions; profuse sw’eating; 
cyanosis; conjugate deviation of the eyes; a steady rise of the 
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toinpcrature to 104° or 105° F. (40° or 40.5° C.) when reac- 
tion occurs, with marked in toiisiti cation of the knee-jerk and 
bilateral paralysis. 

William Browniii^’'^ stiitoa that in eliiUlren the chances of ])artial 
recovery are good; lliat in adults the recovery dc^ptuids ujwn the sev- 
erity of the apoplectic attack; and that in old age, wlien the arteries are 
toitiioua or calcified, but limitetl recovery is to be expected. Harrs"® 
concliules that if citlier renal disease, Clieyne-Stokcs respiration or 
hypei'iiyrexia be present, the patient will probably not recover. 

Pathogenesis and Pathology. — Whether wo ascribe the rup- 
ture of the artery to miliary aneurisms, to emlartcritis, to tlie 
so-called “fatty erosion” or to “ditfusci di'genoration,” we arc 
always brought hack in cerebral luemorrhages that are not due 
to traumatism or to an acute infection, leukaania, etc., to a com- 
mon cause: arteriosclerosis, the lesions l)eing similar to those 
of that disease (qA\). 44ie multiple causes of arteriosclerosis: 
overeating (gout), alcohol, sy])hilis, senility, excessive exertion, 
excitement, starvation, lead, (*tc., arc likewise those of ai'terio- 
selerosis. This applies as well to the renal lesions of this dis- 
ease. On the whole, the relations of c(M*ebral liamiorrhage to 
the adnmal system are those of the latter to arteriosclerosis.* 

The reader ia referred to the article on Arterioach^rosis for the 
details of the process. Whittaker"® writes in this couiiection: ‘Tn all 
caH<?M the process ilepcnds upon arteriosclerosis, which runs a slow and 
insidious course for months and years, and usually eludes all discovery. 
The catastroph(‘ is sudden, hut the disease process whieh leads u]) to it 
is very slow." Allen Starr,’" in a study of 2U0 eases of apo|)lexy, found 
that SO ])er cent, presented prodromal symptoms whieh be regarded as 
probably due to artcrioselerosis. Hroadlient,"® in a study of the vas- 
cular changes in Hi eases, found senile degeneration of the vess(^ls in 
2, while 7 were associat(Hl with granular kitlncy, and 7 with a type of 
kidney in whieh the main ehanges were thickening anil hyaline degen- 
eration of the vascular intiiiia. The eerehral vessels were dilated, 
thinned and hyaline or studded with whiter patches, whieh, on micro- 
seopic examination, were found to (xmsist of localized thickening and 
degeneration of the snbendothelial tissues, over whieh the muscular 
coat, thin and atrophied in some instances, could not, as a rule, he 
traced. These an*, we have seen, precisely the lesions found in the 
arteries of the body at large in arteriosclerosis. Stein"" observed the 
typical loss of elasticity, j.nd states that miliarv aneurisms are far less 
frequent than is generally believed, the lesion being atheromatous. 


• Author’ » eoncl union. 
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UjifortiHiatcJy the ])lieiiomena which make it possible to 
recognize the presence of arteriosclerosis, hardening of the radial 
and temporal arteries, the arcus senilis, etc., arc not always pre- 
sent. The arterial lesion being present, coughing, sneezing, 
straining, etc., may suddenly increase the general vascular ten- 
sion and cause rupture of the vessel, a mass of blood varying in 
size from that of a small cherry to that of an orange or more 
being suddenly projected under a pressure varying from 100 to 
^^00 mm. Ilg. upon the brain. As it coagulates at once, it forms 
a relatively dense body which may forcibly compress or disin- 
tegrate more or less the brain-substance, and as this substance is 
not renewed in the latter case, permanent lesions remain. IMio 
^^strokc” is the result of shock, which reacts upon the entire 
cerebrospinal system, while the loss of consciousness is due to 
the suddenly-induced cerebral amemia. 

The hamiorrhage is derived (dther from a meningeal or cen- 
tral artery, but rupture of a meningeal branch is often due to 
tramnatism. In most cases it occurs within the field of the cen- 
tral branches of the circle of Willis rather than in the cortical 
branches of this circle, ^rhe branches of the middle cerebral 
artery, which penetrates the brain by way of the anterior per- 
forated space, are especially prone to rupture ; this applies par- 
ticularly to a branch that passes to Ihe internal capsule and the 
lenticular nucleus and which has been named by Charcot the 
artery of “(‘(‘ri*bral hamiorrhage.” 

^riiough any portion of the brain may become the seat of 
the hamiorrhagc', certain regions sulfer more frecjucntly than 
others. Tlie ])rincipal a?nong these an*. In Ihe order of dimin- 
ishing fre(|uency: the internal capsule, the corpora striata, the 
thalami optici, the corona radiata, the convolutions and the pons 
Varolii. 

Tlio pressure in the central vessels is very great, owing to their 
proximity to the great channels, the carotids. Hence the predisposing 
inMiionce of a short nock, especially in massive, fnll-hloodcd individuals. 
Slcin'^’ showed that the pressure of the blood projected into the cerebral 
tissues was 100 to 200 nun. ITg. The destructive action heconies obvious 
in view of the fact that the same tissues under normal conditions are 
aubjeeted to a pressure of only 10 mm. TTg. Boudet'-' re])ortcd a. ease 
in wliich three-fourths of tlie riglit liemisphen* was destroyed. Nor- 
hury‘-‘‘ emphasized the importance of the great pressure in tlie basilar 

’“•’Stein: Loc. cU. 

Doudet: Cited by Whittaker: Loc. fit. 

122 Norbury; Medicine, July, 1897. 
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arteries as well as in the median cerebral arteries and the thinness of 
the walls of the cerebral vessels which predispose them, when they are 
the seat of atheromatous or miliary aneurisms, to hiemurrhage. Zapin- 
sky*^’* in 15 autopsies found degenerative lesions in the vessels of the 
base in every instance, the atheromatous plates being sufficiently marked 
to be seen with the naked eye. 

Treatment. — Measures to Prevent the Development of 
AN Attack. — In some cases some of the prodromal symptoms, 
sliglit thickness of speech, torpor, or numbness of an extremity, 
headaolic, vertigo, fullness in the liead, etc., occur several days 
before an attack. When there is any evidence or likelihood of 
arteriosclerosis, measures should at once be instituted to pre- 
vent the stroke. If the arterial tension is high, the pulse tense 
and hard, an attack may occur at any moment; agents which i 
cause immediate relaxation of the vessels by obtunding^ dirdtitly, 
the vasomotor centers* are necessary. Among these ifre- * 
glycerin, which acts on the pulse in two minutes, and the' effects 
of which have entirely passed off in three hours; sodium nitrile, 
the action of which shows itself in about live minutes and lasts 
the same length of time; erylhrol tetranitrate, in the solid form, 
acts in from twenty to thirty minutes, and its effects continmi 
from seven to eight hours. To thwart the attack, therefore, 
either of the two first agents should be given every two hours 
and the thiinl every six hours. An immediate result may be 
obtained with amyl mtrite, 5 drops, inhaled from a handker- 
chief; or a slight degree of hclj) may be derived from sweet 
spirits of niter, two teaspoon fids in a little water, pending the 
arrival of a stronger vasodilator. 

Tho ])(*rio(l of onsrt and the duration of the (‘fTcrts of nitroglycerin 
aro those given by V. II. Marshall,^** those of sodiiiiii nitrite by Lcccli,^'-® 
and those of erythrol trinitrate by Hradbury,'®" both cited by Marshall. 

Important in this connection is the avoidance of any effort 
or excitement and of agents which tend to stimulate the patient 
and cause a rise of the blood-pressure: stimulants, emetics, digi- 
talis and "strychnine arc particularly harmful in this connection. 
Strophanthus and potassium iodide, casually mentioned by some 
authors among the useful drugs, are also contraincMcated in 
threatened apoplexy. Saline injections may also prove harmful 

• Author'ii conclwtim. 
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by increasing tlie body Iluids and tlie blood-pressure. The 
bowels should be kept I'ree, to avoid autointoxication. 

As attacks sometimes come on at night owing to the recum- 
bent position, vasomotor depressants should be taken on retir- 
ing. To those mentioned may be added sodium or potassium 
bromide, chloral hydrate and veratrum viride. These three 
agents may he advantageously condjined. 

The patient’s diet should be light, and coffee, tea, and other 
stimulating beverages should be dispensed with. 

Prestoie” rightly holds that more could be done in the prodromal 
stage if this condition were carefully studied. 

Misasurbs to Prevent Extension of the Cerebral 
Lesions During the Attack. — After the first outpour of blood, 
the haemorrhage almost always continues some time, and if steps 
be taken to decrease the cerebral blo()d-su])ply, tlui extension of 
the lesions may be, to a certain extent, curtailed, provided the 
patient be seen sufficiently early. 

The patient is usually found lying on his back; his trunk 
and head should be g(‘ntly raised until he is in a semi recumbent 
posture; the back and head being 8U])portcd by the back of an 
overturned chair, -made comfortable with pillows if these are 
available. If the face is dusky or cyanotic and ilu* pulse is hard, 
incompressible, inhalations of amyl nilrile, 0 to 8' drops or more, 
should be resorted to, the handkerchief upon which the drug is 
poured Ixn'ng held in front of Uie patient's mouth and nose, 
^riiis causes immediate relaxation of all arteries and the y)atient 
is bled, as it were, into the large trunks of the splanchnic area. 
In the meantime, (he necessary ])repa rations for venesection hav- 
ing been made, the ])atient should be bled. The brain is thus 
relieved instantly by the drug, and kept in that condition by the 
bleeding; the destructive process is thus nec('ssarily counter- 
acted. To prevent recurrence of the high vascular tension verU’ 
trum viride, 10 drops or more, if need be, of the tincture (1905 
U. S. P.), should be given every two hours. 

Broming^™ writes in this eoniioction •„ “Some cases arc proTn])tly 
fatal, meningeal and ventricular forms being nsually of this kind. 
Nearly always, however, the elTiision yirogresses for some time. It is 
here that the physician can be of great service.” Some clinicians hav- 
ing advocated the recumbent position, Ileidenhain’®® refers to several 

Preston; Maryland Med. .Tour., July 29, 1903. 
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instances in wliich the placing, of this position hail been followed imme- 
diately by aggravation. Osier, Ty^^*b Hramwel !''■“’ and others all rec- 
ommend venesection, the latter stating that it is contraindicated when 
the pulse is feeble, rapid or irregular, the heart dilated and weak, and 
the patient very old and debilitated. As illustrated by a case reported 
by Bcnhani,^** it tends furthermore to arrest convulsions, wliich, owing 
to the inU'iise vascular tension accompanying them, must increase 
greatly the cerebral eirusion. The value of the measures outlined above 
are further suggested by the fact emphasized by Grasset'"* that “what- 
ever may be the pathogmiic theory regarding apoplexy, it is essentially 
characterized by a congestive condition of the head and by circulatory 
erethism.” 

A purgative aids the remedial process by further depicting 
the vascular system. Jly causing, moreover, congestion of the 
intestinal vessels, it acts as a derivative besides insuring the 
elimination of substances cajiablc of causing autointoxication. 
Two drops of crolon oil mixed with a little glycerin or olive oil, 
dropped on the back of the tongue, or V4 ^<i‘hin (0.0 id gm.) of 
elaterium dissolved in a little water in the same manner are 
usually employed with advantage. An enema of lukewarm water 
is also useful. A hot foot-bath also serves a good purpose as a 
derivative. 

]Iy this time the patient has received all the truly useful atten- 
tion he riHpiires. (.Vmntcrirritatioii to the neck serves only to irritate 
him by increasing his discomfort. The ice-bag placed on his head to 
meet the [lopular notion 0*1 the subject only serves to contract the peri- 
pheral vessels and increase in proportion the internal pressure — while 
aiTordiiig a second' source of discomfort. 

As in the premonitory stage, all stimulants and tonics, 
including particularly strychnine, digitalis and the iodides, 
should be avoided, as they all tend to raise the blooil-iircssurc. 

It is often necessary to relieve the bladder liy means of the 
catheter. 

Meast-uks 'ro Aid the Process of Hesolutton. — When the 
reaction sets in, the fever is a protective phenomenon — an effort 
of the organism to rid the brain of the luemorrhagic coagulum 
and of what detritus has accumulated around it. Trephiniruj 
has been used with su(;(?ess to remove a meningeal clot, but a 
clot in the deeper tissues is usually beyond readi. Pota^^sium 
iodide is usually given at this stage in the hope of liastening the 
absorption of the clot, but, like digitalis, it increases the vascular 
tension in the usual therapeutic doses, and, therefore, exposes 
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the patient to another stroke. It is preferable to allow the phy- 
siological resources of! the body to act witliout interference on 
our part.* 

Whittaker^''” writes in tliis eoiineetioii : ‘^Certain lyinpli cells, pha- 
gocytes, begin at once to remove the obstruction, and cells which incor- 
porate blood-corpuscles are seen as early as the third day. Diirck 
found on the eighteenth day free pigment, and nothing hut pigment on 
the sixtcentJi day.’’ 

When the period of resolution has set in, however, inuch 
may l)e done to prevent the development of paralysis. 

We have seen that tlic cerebral lesions are located in the 
brain proper, the sour(‘e, therefore, of voluntary impulses, the 
sj)inal system per se, governed by the ])ituitary body and the 
source of involuntary. i,e., automatic impulses, remaining whole,* 
The loss of voluntary stimuli does not mean, however, that the 
spinal system has lost its control over the muscles of tlic para- 
lyzed side, or that the vasomotor supply through which the 
muscles are noiirisluMl is the least im])aired.* It only means 
that the strictodilator nerves which incite function in certain 
muscles no longer receive 07ie of the two kinds of stimuli which 
they are in the habit of receiving through the intermediary of 
the cord, f.c., the volunlary from the impaired area of the organ 
of mind, in contradistinction to the auioinatic from the somatic 
brain, the pituitary body.* Even this may be reduced to a im^re 
(piestion of quantity as far as the vasa vasorum (which, when 
constricted, cause the art(‘rioles they nourish to dilate and admit 
more blood into the muscular elements) are concerned, since all 
impulses to them, whether originally derived from the brain or 
from the spinal cord, serve ])ut one jmrpose, namely, to provoke 
their constriction.* 

Such b(‘ing the case, paralysis finally occurs, inorcly because 
the muscles are allowed to degenerate through deficient use.* 
It would be prevented to a great extent, and ])(‘rhaps altogether 
in some cases, w(‘re ineasun^s to do so initiated as soon as the 
patient has recovered from the immediate effects of the paralytic 
stroke. 

The reader is referred to tlio sixteenth chapter for evidence to 
the effect that all somatic functions, including intricate niuseiilnr move- 
ments, can be performed independently of the brain. Not only do exten- 
sive injuries of the hemiaphen^s — the erow-bar case, for instance — fail 

• Author' H conclusion. 
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to impair miiHCMilar activity, but cvon their entire removal as in so 
liigh a tnaninuil as the dog, will fail to do so. This lias been shown 
by Goltz’s animal, which lived eighteen months after Imth lobes and a 
part of the optic thalunii liad been removed. That timely measures arc 
useful is shown by the following lines of Jlrowning’s : “Recently a 
German writer hasMlone gcxid service by calling attention to the impor- 
tance, in these cases, of doing everything to bring activity again into 
the patient’s nerve tracts, ile shows that by rousing tlicse persons, 
lifting them — when not too feeble — into a sitting position, getting them 
once more interested in life; further by exercising actively and semi- 
passively the paretic musvleSf we can save the patient from further 
degeneration that so often ensues and may clFect great gain. To the 
value of this principle I can heartily subsej-ibe. Ere beginning this plan, 
however, we must wait until the danger of immediate relapse is past — 
say, usually until the end of the first week or ten days.” The practical 
side of the question thus sustains the explanation 1 submit. 

An important practical point in this connection is that the 
vitality of miisclea can be preserved rctlexly, and enhanced when 
defective, by massage?. The latter should h(; begun as soon as 
possible, therefore, avoiding much pressure. The muscles of 
the trunk, especially the trapezius, should not be overlooked in 
this connection. Passive movements should follow the massage, 
taking care to give each member exercise in the line of its usual 
functions. 4'hus, the fingers sliould be gently flexed and un- 
flexed ui)on the hand, and separated and approximated; the arm 
likewise at each joint, and rotated, etc. After the massage and 
passive motion, the patient should attempt to repeat the same 
motions voluntarily. Me will be aided in this not only by the 
temporary increase of nutrition which the |)revious procedures 
will have brought about, but also by the fact that the somatic 
brain is able to su])ply, when movements are alone in order, 
impulses which strikingly recall those projected by the organ of 
mind.* 

Interpreted from my standpoint, manipulations sueh as those prac- 
ticed by osteopaths and masseurs promote nutrition of the structures 
thus treated by enhancing reflexly the propulsive activity of the arte- 
rioles through the sympathetic, and aid materially thereby the restora- 
tion of function. 

When the patient is able to go about, he should be treated 
as a case of arteriosclerosis — a condition quite amenable to treat- 
ment in a large pro])ortion of cases. 

Many highly ncconqdished men, including Samuel Jolinson, have 
lived many years of useful ness after an attack of apoplexy. As to 
disability, Whittaker refers to this fact that Schmidt “deseribed 39 

• Author's cnnrJnsion. 
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cases of cerebral lesion in which no si^ii of brain niroction could be 
demonstrated during life,’* these eases c'oiistitiiting one-third of all of 
local lesions which came to autopsy during eight years in Eichliorst*s 
clinic. 

DIABETES MELLITUS. 

Synonym. — Glycosuria. 

Definition. — llinrc ara two forms of glycosuria: (1) Dia- 
betes MellUus, due to liypcraetivity of the adrenal system, and 
(2) Asthenic Glycosuria, due to liypoaetiviiy of the adrenal sys- 
tem.* 

Diabetes mellitiis, an excessive excretion’of sugar and urine, 
is duo to hypersensitiveness of the test-organ, and to the pres- 
ence in the blood of waste-products or otlier irritating substances 
whicli keep tliis organ, and through it the adrenals, ovcractive. 
An excess of adrenoxidase is thus produced, and the intrinsic 
metabolisin of all tissues is correspondingly activated. The 
pancreas being thus caused to sec^rete, besides its other ferments, 
an excess of amylopsin, the hepatic and muscular glycogens arc 
converted into sugar with unusual rapidity, and the surplus of 
sugar formed is eliminated by the kidneys.* 

Symptoms. — ^Phe onset of diabetes mellitus is insidious, and 
any one of its symptoms may appear first. As a ruli‘, however, 
the earliest phenomena observed are unusual thirst and dryness 
of the mouth and pharynx, and viscidity of the saliva. Polyuria 
may either appear concurrently or be the first symptom observed, 
the excretion of urine being increased to a daily (juantity vary- 
ing from G to 30 pints or more, the urine itself bidng ])ale and 
acid, and having a specific gravity varying from 1030 to 1040, 
or even higher. It contains from Vo to 5 per cent, or more of 
sugar (glucose), the daily excretion of which may vary from 
one ounce to as much as two pounds. Stains on the linen or 
on the shoes or clothing, where drops of urine happen to fall, 
prove on analysis to be sugar. 

The patient may sweat profusely under the influence of 
slight exertion or during moderately warm weather, or his skin 
may be dry or more or less harsh owing to deficient perspiration. 
Pruritus may cause considerable suffering, especially in women, 
owing to involvement of the meatus urinarius and the habia. 


*Author*a definition. 
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The gums may become spongy and the teeth show an unusual 
proclivity to caries; recession of the gums is also apt to occur 
in these cases and render the teeth liable to fall out. The 
tongue is otien red, dry and glazed; the breath may have a 
peculiar odor recalling that of apples. Excessive appetite is a 
common symptom, though the patient gain no weight or even 
lose llesh and grow weaker. 

These symptoms may appear in rapid succession and tlie 
case remain a benign one — at least for a time — or tlu‘y may 
develop very slowly, constituting a chronic case. 

As the disease progresses, compUcalions may occur. Neu- 
ritis, especially of the brachial and crural nerves, is fre(|uently 
observed, (langrerie may hi? readily produced by what under 
normal coFiditions would prove to be trifling injury or disorder, 
an abrasion, a boil, etc.; it is apt to begin in an extremity, espe- 
cially the toes, and to extend upward. Gastrointestinal disor- 
ders are fretpiently observed, consisting of indigestion with 
pyrosis and gastralgia, cjonstipation and flatulence, or diarrluna. 
4'he odor of the breath changes to an unpleasant one, suggesting 
that of vinegar or stale b(?cr. The patient at this stage is espe- 
cially prone to intercurrent diseases, esj)ecially those of the re- 
spiratory tract, tuhercailosis, jmeuinonia, bronchitis, etc. Car- 
l)uncles are frecjuently observ(*d in the course of the disease 
and promptly assume an alarming aspect. 

In udvnnred cases the temperature, though not materially 
affected early in the disease, may become subnormal. The ten- 
don reflexes are, as a rule, diminished. vSyrnptoms recalling 
those of tabes, the so-called “diabetic tabes, may occur, with 
“stejipage” gait and pai-alysis of the extensors. Atrojdiy of the 
optic nerve, cataract and other disorders of vision may appear, 
both eyes being affect(*d simultaneously. Ihe other organs of 
special sense may likewise become impaired. Tmpotence, steril- 
ity and abortion are common complications, as is also interstitial 
nephritis. 

Diaheltc coma occurs in advanced cases, usually as a. fatal 
complication. It is often preceded by general malaise, irritabil- 
ity, vertigo, anxiety, constipation with abdominal and muscular 
cramps. Conversely, it may occur suddenly with special pre- 
monitory symptoms, the patient lapsing into unconsciousness. 
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with the eyes half closed, the respiration sighing, the pulse rapid 
and weak. The temperature, at lirst soiiicwhat above normal, 
gradually declines, cyanosis appears, tlie precursor of death, 
which ensues usually between twenty-four and forty-eight hours 
after the onset of the coma. Death from coma occurs, however, 
in less than half of the cases of diabetes. 

Diabetes mellitus, as here understood, begins in sthenic and 
more or less vigorous subjects.* 

Pathogenesis and Pathology. — Diabetes mellitus is due to 
excessive irritability of the test-organ and to the presence in the 
blood of waste-products, stimulating drugs, poisons, toxins, etc., 
which cause this organ to react inordinately owing to its over- 
sensitive condition. By thus provoking an excessive |)roduction 
of adrenal secretion, these agents extdte hyperoxygenation of all 
organs, including the pancreas.* As this organ (its islands of 
Langerhans) supplies a fernuuit, amylopsin, which on reaching 
the muscles through the intermediary of the leucocytes,* and the 
liver by way of the splenic vein,* converts the glycogen of all 
those organs into sugar, a larger quantity of the latter is pro- 
duced than usual, and the excess is promptly excreted by the 
kidneys.* Hence the presence of a more or less great quantity 
of sugar in the urine, the excess voided over and above the nor- 
mal ratio being proportionate with the degree of hyperactivity 
of the adrenal system.* 

Tn the first volume of this work (Jim., 190.3)'“ T eonelmled, after 
submitting evideneo to that efFect, that toxic glycosuria was “primarily 
due to overstimulation of the adrenal system, the excessive functional 
activity whic?h increased oxidation produces giving rise to an inordinate 
production of an agency that converts glycogen into sugar.’* In the 
present volume'*' T pointed out that diseases of the anterior lobe of the 
pituitary body (the seat of the adrenal center) attended by hyperremia 
or hypernutrition provoked glycosuria, and that the adrenal center was 
the so-called “glycogenic center.” Tliis term applies, interpreted from 
my Btand{)oint, only in connection with the abnormal production of 
sugar, for I regard the vagus center as the true “glycogenic center” in 
the sense that it adjusts the conversion of glycogen to the physiological 
needs of the body at largr*, by regulating simultaneously the functions 
of the pnnereas and the liver. The production of glycosuria by stimula- 
tion of the ndrenal center necounts ( 1 ) for the fact that Blum, Herter, 
Croftnn and others produced this symptom by injecting adrenal extract; 
(2) for the cessation of toxic glycosuria when, ns observed by Claude 
Bernard, Kauffmann and others, the splanehnics — which contain the 
nerve? from the adnmal center to the adrenals — were severed; (3) for 
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the recent observation of AndrG Mayer^*' that after extirpation of the 
adrenals Claude Bernard’s i)uncture no longer provoked glycosuria; and 
(4) for the rapid diniinution of sugar both in normal glycuiinia and 
glycosuria, when, as observed by Kaulfniann, the inferior vena cava — to 
which the adrenal secretion is carried by the adrenal veins — was ligated. 
As all these observations liad remained unexplained before 1 had shown 
the hinctional relationship between the pituitary body and the adrenals, 
they now stand as evidence of the correctness of my interpretation. 

As the adrenal system includes the thyroid gland, thyroid extract 
should also cause glycfosuria. This fsuft was not only observed by Kwald 
in 1894 and by many observers since, as we have seen in the seventeenth 
chapter and as shown below, but l^irand found that it was even more 
active than adrenal extract in this particular. 

The “internal s(*cretion” referred to in the text only means, accord- 
ing to the current view, the substiince se<*reted by the islands of Lan- 
gerhans as distinguished from the j)ancreatic juice secreted externally, 
i.e.y in the intestinal canal. The manner in whicli tliis substance reaches 
the liver, however, has not been shown. In the first volume'"" I sug- 
gested that the sugiir-forniing ferment passed out of the pancreas witli 
its venous blood into the splcnh rein; that it met in the latter the 
internal secretion (iiucleo-proteid derived from broken-down leucocytes) 
of the spleen, which rendered it active, and then passed to the portal 
system, where it converted glycogcui into sugar. Additional evidence to 
this effect i^ available in the literature on the pathogenesis of glyco- 
suria; a small part of which only can be submitted here. 

We owe to Mering and Minkowski'"® the view that the pancreas 
produces an internal secretion which governs carl)ohydratc mtdabolism 
and to Lagiicssc'^" the demonstration that the islands of Langerhans wore 
the source of this secretion — both of which conclusions have been repeat- 
edly sustained, csp(?cially by Scliilfcr’s'''^ indepciKhmt researches. Hut 
Lagucsse'" conclmled, moreover, that the secretion-granules of the isl- 
ands, at least in the embryo, were carried awiiy by the bloo<l-vessels. 
This applies to the develoned islands as well, since they also are 
deprived of ducts. My own conclusion that it is carried to the splenic 
vein not only affords the only normal path for tin* internal secretion to 
the liver, but it explains also why ligation of the pancreatic duct, while 
causing disuse-atrophy of the rest of the pancr<*atic parenchyma, leaves 
the islands of Langerlians practically unharnuMl, thus showing that their 
functions are not arrested. Tndee<l, as shown by Ssobolew"" in the 
guinea-])ig, rabbit, cat and <log, the islands persisted 400 days, t.e., until 
all the vital activity of the glands had ceased. Moreover, the atrophy 
of the gland elements did not modify carbohytlrate metabolism; it only 
became impaired when the entire gland, including therefore the islands 
of Langerhans, had been extirpated. 

Conversely, Arthaud and Butte'*** arrested glycosuria by ligsiting 
the veins of the pancreas, which open, as is well known, into the mesen- 
teric and splenic veins. This result (although the observers mentiomul in 
no way refer to the possibility of an internal secretion such as that 
suggested by myself twelve years later) proves conclusively that it is 
through its veins that the internal secretion which provokes glycosuria 
enters the circulation and through it the liver. 

” Andr£ Mayer: Arch. g<»n. de mdd., July 17, 1906. 
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As to the participation of a splenic intcrnsil secretion in the glyco- 
genic process, I must refer the reader to tlie lirst volume'" for details/ 
in which its action upon trypsinogen is studied, and which applies to 
the carbohydrates as well. Keferriiig to the investigators and tlie re- 
searches 1 mention therein, llaininarsten'" says: “Su(di a ‘charging’ of 
the pancreas by the spleen has been repeatedly suggested by Schill', and 
his statements have not only been conlirmed by tliesi* re(*ent investiga- 
tions, but in part also explained.” lie also states, however, that this 
is caused “in a still unknown manner by a body whose nature is 
unknown.” 

We thus have for the conversion of glycogen into sugar a triad 
composed of the blood’s adrenoxidasc and nucleo-proteid from the sjdeen 
which, by their interaction, supply the lieat-energy n^qiiired to activate 
the pancreatic proferrmnit amylopsiiiogen, to which the conversion is 
due, the three forming, in reality, the compound* now known as amyl- 
opsin. 

Several clnigs in eorninoii use are cnpable. in siifficic'iit y 
large closes, of provoking glycosuria: aclrcaial extrncl, which 
causes it indirectly by enhancing the oxygenation of the pan- 
creas; thyroid extract, which initiates the, same jirocess by stim- 
ulating the adrenal center; strychnine, mercury and other drugs, 
which also stimulate the adrenal center, but l(‘ss vigorously.* 

Various diseases, the pathogenic agents of which cause 
marked stimulation of the adrenal center,* may also provoke 
glycosuria. These include p(‘rtussis, measles, varicella, diph- 
theria, enteric f(*ver, epilepsy, convulsions and malaria, and 
diseases such as gout and rheumatism, but only during ex- 
acerbations of adrenal activity caused by an accumulation of 
toxic wastes in the blood. 

W<* liavo seon that adrenal extract readily provokes glycosuria. 
Thyroid extract, which acts much as does the thyroid secretion itself, 
by stimulating the adrenal center, was found to prcaluce marked glyco- 
suria by W. Dale daines'^^ in the case of a physician who had taken 
thyroid for a ])soriasis of old standing. The sugar disappeared when 
the use of the drug was discontinued. Similar cases have been observed 
by Kwald,'" Lorand and other clinicians, deorgiewsky"" found that in 
dogs tlie use of fresh thyroi<l gland as food, or of the expressed juice 
by injection, produceil a glycosuria which sometimes reached as much as 
17 per cent., and which disappeared when the thyroid was no longer 
given. Strychnine was found to cause glycosuria by Claude llcrnanl. 
ScliilT and many otliers; Demant'"" showed that it caused the hepatic 
glycogen to be rapidly reduced. LangmidorlT''*' observed, moreover, that 
extirpation of the liver prevented strychnine glycosuria. The clinical 
use of mercury was also found to bring on glycosuria by Reynoso, Jlosen- 
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bach, Boiicliard and oilicr.s. Ilandiiold Jones'” noted, moreover, that 
mercury caused marked hepatic liyperasinia. IMiloridzin glycosuria is 
likewise due to marked stimulation of the adrenal (jenter. The fact that 
it is accompanied by excessive metabolism is shown by CartierV” state- 
ment that “all authors who have studied phloridzin unite in saying that 
the animal experimented upon becomes voracious, and, if not overfed, 
rapidly wastes.” 

As to the causative influence of various diseases, Charrin and Car- 
not'” produced diabetes by injecting diluted culture of bacillus pyocy- 
aneus. Thomson, of (Jlasgow,'” in a study of a large number of cases, 
found a large ex(!es8 of sugar in children suATcring from pertussis, epi- 
lepsy and convulsions, and a slight increase in cases of varicella, variola, 
enteric fever and peritonitis. Teschemaeher'” observed a case of measles 
in which the urine contained 4 per cent, of sugar. Moss^*, Charles Blanc 
and others'" observed it in cases of intermittent fever. Strflmpell,'” 
Dyco Duckworth^” and many others refer to gout as n cause of transi- 
tory glycosuria. 

In a large proportion of tlie eases met with, tlie glycosuria 
is due to the presence in the hlood of an excess of normal phy- 
siological waste-products. These, by overstimulating the adrmial 
center, produ(*e glycosuria in the same manner as thyroid extract 
and tin* other agents j’eferred to above.* 

The accumulation of these poisons is principally due to the 
ingestion of food in excess of the body’s neiuls; excessive work 
is thus imposed upon the adrenal system and through it upon 
the pancreas.* Overeating becomes more active as a cause of 
glycosuria when, in addition, the blood is simultaneously being 
deprived, by the free use of alcohol, of some of th(i excess of 
oxygen the immunizing overaclivity of the adrenal system is 
providing.* Tfence, the fact that diabcl(‘s is usually observed in 
vigorous subjc'cts who are large eaters, many of whom partake 
freely of alcohol. 

All conditions which impose excessive wear and tear upon 
the body, prolonged overexertion, mental or physical, worry, 
anger, — which arc all attended l)y an excessivci |)roduction of 
toxic wastes — may also provoke diabetes through the same mor- 
bid process.* 

This involves the eonelusion that in this class of cases gimeral 
metabolism must be correspondingly excessive. Lepine'"" states that ^ it 

• Author' H rotirlUMion. 

^“Haiidflpld .Jones: Cited by F. Cnrticr: ThAsc de Pnris, 1891. 

'“Cartier: Ihid., p. 15. 

'“Charrin and Carnot: C. r. hebd. dcs sCancos de la Soo. de biolOKie., 10 
sfirlo, vol. I, p. 4.38, 1894. 

'“Thomson: Qlnsgow Hosp. Rep., vol. II, p. .324, 1900. 

Teschemacher: Rerl. kiln. Woch., Hd. xxlx, S. 3,3, 1892. 

'®^ Mobb 6, Charles Blanc, and others: Cited by Verneull: Semalne mdd., 
vol. vlll, p. .386, 1888. 

'“Strampell: Berl. kiln. Woeh., Bd. xxxlll, S. 1017, 1896. 

'“Dyce Duckworth: Duiicet, Ana. Ti. 1893. 

'“Lfipine: Semalne lufidleal. vol. xvll, p. 279, 1897. 



DIABETES MBLLITUS. 


1589 


IB a positive fact that in many cases of diabetes there is exaggerated 
destruction of nitrogen, a fact now generally recognized. Tyson'"*- also 
says that the *Sirea is almost invariably increased,” and considers as 
one of the causes of this symptom “the ingestion of large amounts of 
nitrogenous food, whether to appease the appetite or by the physician’s 
advice.” 

A. Ijorand, of Carlsbad,^"'-' also holds that diabetes is due to the 
fact that “people are taking more food, especially carlwhydrate food, 
into their bodies than they can burn.” As interpreted from my stand- 
point, it is the attempt to destroy the excess of wastes that this entails 
which causes glycosuria, the conversion of glycogen into sugar, glyco- 
suria being in reality but one of the phenomena indicating that exces- 
sive metabolism is in progress. 

The morbid inlluence of alcohol is illustrated by cases studied by 
Strauss of von Noorden’s clinic"** in which glycosuria followed the use 
of a mixed diet after a drinking bout. In one patient, who had lost 
the tendency to gly(!Osuria after a carliohydratc diet without sugar, the 
glycosuria could he made; to return by administering alcohol. Striim- 
pcll had already shown that alcohol favored the appearance of aliment- 
ary glycosuria. 

The inilucaKn! of physical strain, such as that caused by long tramp- 
ing, is shown by five cases reported by IToppe-Sc‘yler,'®* in which rest 
caused the glycosuria to disappear. Gobbi"*-'* made a similar observa- 
tion in eight runners who, before the race, had no sugar in their urine. 
Other instances of this kind have hec*n n^porttul. Mitra"*" states that 
diabetes is four times more prevalent in lhaigiil than elsewhere, and that 
it is practically limited to hard-worked professional men, ollicials and 
students, llolye (-h under S(*n"'^ had alreatlv emphasized that while the 
country Hindoos were comparatively free from the disease, the propor- 
tion was large among the brain workers. Worms"*" found that among 
scientists and otlnns leading intellectual pursuits, the proportion of 
diabetics was 10 per cent, in Paris, where, as shown by llertillon, the 
mortality from diabetes Inul almost doubled between 188;i and 1802. 
Worms observed that the condition of diabetics was aggravated by worry. 

(levolopiiierit of patliological changes in the organ whicli 
hears tlu^ hriint of the morbid ])roeess, the panerijas, occurs late 
in tlie history of the case. It is merely overworked^ and is able 
to meet the needs of the stress imposed upon it. Glycosuria 
cannot, therefore, he attributed primarily to disease of the pan- 
creas in this form of diabetes.* After a more or less prolonged 
period of overwork,* however, this organ begins to show morbid 
changes, though previously, and notwithstanding the presence of 
considerable sugar in the urine, and all the typical symptoms of 
diabetes, it had shown none whatever. 

The general trend of the pathological process is a general 
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(Icgciieratioii of the ])ancreas, and more particularly as regards 
the glycosuria of the islands of Langerhans. 

The first step is a general engorgement of the capillaries, 
which may be suliiciently marked in the more advanced cases to 
be accompanied by luemorrhage, especially in the islands of Lan- 
gerhans, in which these small vessels ai’e extremely thin. The 
capillary walls then undergo hyaline degeneration, which grad- 
ually invades the islands and destro^’s them. In some cases, 
however, these structures be(*ome granular and undergo necro- 
biosis. Both these morbid processes may proceed to an advanced 
stage in the islands of Langerhai s without involving the rest oF 
the gland, or the latter may undergo atro[)hy and bo roi)laced 
by fatty tissue. The local changes may also lead to a cirrhosis 
in which the secreting structures of the gland, as well as the 
islands of Langerhans, are gradually enmeslied in a fibrous net- 
work and obliterated. 

^riie islands of Langerhans are the structures of the pan- 
creas whieli yield first under the excessive stimulation to whicli 
the latter organ is subjected. Thus, a case of diabi^tes may pro- 
ceed to a fatal termination through gradual degeneration of the 
islands and the other glandular elements 1)0 found nornial after 
death. Moreover, these glandular elements may bo profoundly 
diseased and no glycosuria occur. 

Important in this connection is the fact that disease of the 
pancreas is not the cause of diabetes, as believed by many, and 
that the pancreatic lesions are due to overstimulation of this 
organ.* 

As stilted by II. IT. tlio e.\isb*nce of pjincreiitic diabetes is 

established, but disease of the pancreas does not necessarily cause dia- 
betes. Of 21) cases from the Massachusetts CJeneral Hospital Unit 
showed lesions of the pancreas, glycosuria was f«)iind in but 2, although 
in 12 cases there were no records of tests for sugar. The investigations 
of K. L. Opie’^" have thrown considerahle light upon this problem, lie 
not only pointed out that extensive lesions of the ordinary secretory 
strmdnre with escape of the islands of Langerhans are nnatt<*nded by 
diabetes, but also that destruction of the latter structures alone con- 
curred with this disease. This is emphasized by the following detaih 
of an autopsy of a diabetic negress aged 1)4 years, 'riio pancreas 
weighed 80 gramm(»s, was soft and of a gray -yidlow color. Almost every 
island of Langerhans showed microscopically a homogimeons material 
that stained with eosin. This substance at times lay in the midst of 
groups of cells, but was usually in contact with the walls of the capil- 
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laries penetrating the island, or next the peripheral fibrous tissue, and 
was, therefore, usually between the remaining eells and the capillary 
walls. The cells of the island w'ere, in large part, replaced, so that 
between the hyaline particles only an occasional compressed fusiform or 
irregular nucleus could be seen. The hyaline metamorphosis was strictly 
limited to the islands of Langerhans, the glandular acini remaining 
intact. In this pancreas, therefore, a lesion of obscure etiology had 
destroyed the islands of J^angerhans, while those of the secreting acini, 
as well as those of other organs, were unaffected. The association of 
diabetes mellitus affords convincing proof that tlie islamis of Langer- 
hans are intimately connected with the glycogenic metabolism. 

The fact that the pancreatic lesions arc not the original cause of 
glycosuria, however, is shown bj' the many cases observed in which 
pancreatic lesions were either slight or absent. Thus, M. 13. Schmidt 
in 23 autopsies of diabetics found the i)aiicreas entirely normal in 8 
instances. It showed evidences of slight inllammation in 7, while in 
the rest there was either: a^ute interstitial inflammation, chronic in- 
terstitial inllammation or hyaline degeneration, which — from my view- 
point — represent steps of the degenerative process, followed in suffi- 
ciently vigorous cases by a reparative fibrosis. A. E. Finney'^- was also 
led to conclude, by a (xnnprehensive study of the subject, that ^^diabetes 
may occur in the absence of demonstrable h'sion in the islands of I^an- 
geiiians.” Tie also found that the injection of adrenalin chloride in 
the guinea-pig produced — besides general phenomena and hyperemia of 
other organs — a peri-acinous engorgement of the ])ancreatic capillaries, 
the typi(!al lesion to be expected in a condition brought about through 
exeessivi* activity of the adrenal system. 

There is, in tlie liglit of my views, as ])rcvi(>usly stated, 
another form of glycosuria, asthenic glycosuria, due to insiifli- 
ciency of the adrenal system caused by poisons and diseases that 
depress the functional activity of either of its three organs, and 
thus lower oxygenation in the body at large.* The functio^ns 
of the pancreas being inhibited thereby, overactivity of the 
islands of Langerhans plays no role in the pathogenesis of this 
stage.* This subject is treated below under a separate heading. 

Treatment. — A(jknts which Kedfck ttik TTypkhsknst- 
TiVKNKss OF THE Aduknal Centeu. — If, as I would urge, dia- 
betes mellitus is clearly ditterentiated from the form I describe 
below as pathogen ically a totally ditferent disease, it may be 
said that we possess a specific for each of these two affections.* 
Indeed, the test-organ and the adrenal center being overaetive 
in diabetes mellitus, the remedy which suggests itself is that 
which serves physiologically an the body to subdue the func- 
tional activity of these organs,* namely, arsenic. That this 
remedy has proven of great value in a large proportion of cases 
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is well known. The cause of its failure and of the harmful 
effects occasionally observed are accounted for, on the other 
hand, by the fact that it was given in cases of asthenic glyco- 
suria, in which, as shown under the next heading, the adrenal 
mechanism is already markedly depressed.* In what might be 
termed sthenic diabetes, the form described above, however, it 
is of great value;* Fowler* s solution may be given in 3-drop 
doses in a glassful of water during each meal, the dose being 
gradually increased until the first signs of the physiological 
effects of the drug appear, when it should be somewhat reduced. 
The object should be to keep the test-organ depressed until the 
excess of sugar disappears from the urine, and then to adjust 
the subsequent use of the remedy to this end.* 

Tx)uis Lewis*” ascribes the origin of ilie arsenic treatment of 
diabetes to 8a1kowski, who discovered that in animals poisoned by 
arsenic no artidcial diabetes coiibl be produced, either by puncture of 
the fourth ventricle or curare. Here the arst^nic had evidently paralyzed 
the adrenal system and th(*reby the pancreatic functions. No amylopsin 
being produced, glycosuria failed to occur. Arsenic has been highly rec- 
ommended by Diijardin-Heaumetz,*” Jaecoud*” and other authorities. 
Tyson'” states that “after opium, arsenic has longest maintained its 
reputation as a remedy in diabetes,” and that it seems to him that 
“tnere is something more than a simple tonic action in it.” 

Unfortunately, the patients become rapidly accustomed to 
the use of arsenic, and to offset this drawback, oth(T agents hav- 
ing the same physiological action are indicated for a time. In 
some cases, the use of a different preparation of arsenic, the 
bromide of arsenic, i,e,, Clemenses solution, (administered in the 
same way as Fowler^s, the dose being, on the whole, reduced one- 
third) suffices.* In others, the change does not affect the situa- 
tion. The sodium or strontium bromide in 15-grain (1 gm.) 
doses on retiring, increased if necessary, and taken in a glassful 
of water, may then be used for a time — not more than a couple 
of weeks — then gradually reduced, while simultaneously the 
course of arsenic, beginning with 5 drops of Fowlcr^s solution, is 
resumed.* When it becomes necessary again to withdraw the 
arsenic, chloral hydrate or Moralamid may be employed instead 
of the bromides or in conjunction with these salts, reducing the 
dose of each in proportion.* If the sugar in the urine can be 
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kept down with smaller doses of these depressants^ such doses 
should, of course, be used.* 

It is obvious that the administration of any ‘Honic,” ‘^alter- 
ative,^^ or ‘^chalybeate,” as recommended by some authors, must 
compromise the results.* 

All these remedies have been used empirically for some time, as 
is well known. That they have been highly recommended by some and 
condemned by others is not strange, in view of the fact that while 
beneficial in sthenic glycosuria (diabetes), they are harmful in the 
asthenic form. 

Drugs wjitcit Tend to Reduce Excessive Tissue Meta- 
bolism. — Remedies which, by exciting the sympathetic center 
only, but sufficiently to cause constriction of the arterioles, nat- 
urally reduce the volume of the blood supplied to all organs 
through their capillaries, and the intrinsic metabolism of these 
organs.* It is to this property that oinnm and morphine owe 
their bencficdal effects.* A small dose of morphine, Vg grain 
(0.008 gin.), may be given twice daily, then three times daily. 
The dose is then increased to Vo f?rain (0.01 gm.) once in the 
day instead of the corresponding dose, then twice in the day, etc., 
the dose being increased and regulated according to the propor- 
tion of sugar in the urine. The danger of morphinism may, to 
a certain extent, be reduced by substituting codeine for a time, 
beginning with V,j grain (O.OlO gm.) of the sulphate (not the 
phosphate, the preparation most used) three times daily. Opium 
or morphine, which are well borne by diabetics, are preferable, 
however; they diminish hunger because they reduce tissue waste 
by lessening the quantity of adrenoxidasc admitted to the tissue- 
cells ; they also cause a marked reduction of the sugar excreted, 
because the tissue carbohydrates, especially those of the muscular 
elements, are not as rapidly consumed.* The bowels should be 
kept open by means of saline aperients; the simultaneous free 
use of Carlsbad water, which contains sodium sulphate, bicar- 
bonate and chloride, often suffices for this purpose, besides tend- 
ing to preserve the blood^s alkalinity. 

Tyson states that “the only drug that can be relied upon to pro- 
duce an efTeet in diminishing glycosuria is opium.” Shoemaker*^*^ writes: 
“Opium is, perhaps, the most efficient drug which we possess in the 
treatment of this disorder. It diminishes hunger and thirst, the quan- 

• Author's conclusion. 
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tity of urine excreted, and the amount of Hugar eliminated. The pro- 
gress of the disease is checked and the condition of the patient amelior- 
ated. Large doses are required and well-borne in diabetes mellitus.” 

If, for some reason, opium or its preparations cannot be con- 
tinued, or given at all, antipyrin and acetatiilid may be used 
instead, the initial dose being 10 grains (0.(5 gm.) — with equal 
parts of sodium bicarbonate?, three times daily, gradually in- 
creased if the sugar does not show a marked fall. We have 
seen that the effects of these coal-tar products are similar to 
those of opium, c.g., they stimulate the sympathetic center and 
provoke constriction of all arterioles.* Another remedy which 
acts similarly is the sodium salicylate in doses varying from 10 
to 15 grains (0.(5 to 1 gm.) three times daily, but tliis remedy 
presents a drawback : it excites the test-organ sufficiently to 
counteract, at least partly, its beneficial effects.* 

Anti pyrin has Imhmi highly rcconimciidcd by Dujardin-Bcaumetz, 
Huchard, Robin and others. 'Fhe iirst-tiamcd clinician noted that omis- 
sion of the drug caused prompt rc<*urrciicc of the sugar of the urine, 
both of which had been greatly reduced, (^pitz^'^* found antipyrin of 
great value also in eases of long standing. Tie gave 10 grains (0.0 gm.) 
t.i.d. and increased the dose by 5 grains (O.S gm.) daily until 30 grains 
(2 gms. ) were taken i.i.d., if necessary. The latter dose seems exces- 
sive, but it is generally recognized that these patients, as a rule, require 
large doses. The sodium salicylate introduced by Kbstein is mentioned 
because it has been found beneficial in some instances. I have never 
used it. 

Agents which Increase the Alkalinity ok the Ulood. 
— An important feature of (his disease is the steady loss of the 
mineral constituents. Hence the fact that the blood’s alkalinity 
is alwaj^s low. When this condition is allowed to ])rocced, the 
acetone bodies accumulate in the blood, acetone, diaeetic and 
oxybutyric acids appearing in the order named, according to the 
stage of the disease. A})poaranco of the two latter means that 
the patient is exposed to diabetic coma, owing mainly to the 
irritating influence of these two acids upon the kidneys. Now, 
sodium bicarbonate is known to offs(*t and |)revent coma, espe- 
cially when given with large quantities of fluid. This is due 
mainly to the fact that, besides neutralizing the acids, the 
osmotic properties of tlie body fluids are restored to their normal 
condition, and that the catabolism of sugars and fats, as well as 
that of proteids, can be carried to a finish.* We should not wait, 
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therefore, initil these aciMs accumulate in tlic blood to utilize 
alkaline salts. 

In the early stages, the use of an alkaline mineral water as 
a usual beverage (of which the patient usually partakes in large 
quantities) , and the addition of an extra amount of common sail 
in his food sulllcc to preserve the- normal osmotic properties of 
his blood — and, therefore, to insure adetpiate catabolism of 
sugars and fats, — thus preventing the formation of the patho- 
genic acids.* 1'his process is aided materially by the free use of 
green vegetables, which are rich in potassium salts. In more 
advanced cases the addition of sodium hicarhounte, 20 grains 
(1.3 gms.) twice daily, dissolved in one glassful of the mineral 
water used, affords the additional alkalinity re(piired. Or, Vichy 
water, tlui chieff constituent of which is sodium bicarbonate, may 
be used as usual beverage. 

Tlio lUiirkod loss of mineral constituents by diabetics lias been 
eniphasizctl by Robin,”” who found that the coodicient of domiiicraliza- 
tion Homotinics attained .‘10 to 40 ])(*r cent. Tic found, as I have, that 
the patient fares Letter if encouraged to drink alkaline waters. Orlow- 
sky^**® ascertained that the administration of alkalies increased the alka- 
linity of the blood and of its plasma to an appreciably higher degree 
than in healthy individuals. 

Diet. — With hyperactivity of the t(‘st-()rgan and its adrono- 
thyroid center as the direct facdor in the overproduction of sugar, 
the prevailing method of depriving tlui patient of starches and 
sugars is unscientific.* 1'hc morbid process being an e.rcessire 
consumption of th(?sc substances in the body at large, including 
the he])atic glycogen, their withdrawal from the food can have 
but one effect, viz., to place at the mercy of the amylolytic triad 
of the blood what carbohydrates remain in the tissues.* The 
body is thus de])leted, as far as possible, of physiological com- 
ponents of the highest importance to its welfare. ^Fhe sugar in 
the urine naturally diminishes, and may even disappear, but this 
does not iirove in the least that the disease is counteracted; it 
only shows that the patient has been drained elfectively of his 
main sources of mus(;ular energy and heat. Nor does the meat 
diet to which the patient is relegat(‘d even protect him against 
the renal complications feared, since glycosuria is known fre- 
quently to persist under such a diet and to promote the appear- 
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aiice of acetoniiiiii ami acidosis. That abstention from starches, 
sugar, etc., is luirmful under such conditions is shown by the fact 
that the restoration of carboli yd rates often causes botli acetonuria 
and acidosis to disap|X‘ar. 

But one carbohydrate, mually ivlieat flour, need, as a rule, be 
abstained from. Again, a large excretion of sugar occurs be- 
cause the test-organ and its adnuiothyroid center are liyiMrrsen- 
sitive.* The indications, therefore, in sthenic diabetes, are to 
seek the oll'ending carbohydrate, forbid it, and reduce the total 
diet, in order to diminish as much as ])ossibIe formation of wusies 
which sw^lahi the irritahilUy of the iesl-or(j(m* Moreover, tlie 
died should he varied, to avoid the presence in tiie blooel of a rela- 
tively large proportion of any one waste. It is imj)ortant to watch 
the iirim^ for acetone and diaertic acid, which tend to bring on 
diabetic coma, deduction of fats, the addition of a little bread, 
and soeliurn bicarbonate 15 grains three times daily, will, as a 
nde, cause the danger signals to disappear. 

The true position of the dietetic measures usually recommended 
is well exemplitied by Crof tan’s statement^'*'* that “with the introduction 
of calorimetric methods into the treatment of diabetes a new danger has 
arisen, viz., the substitution of a modern ultrnseientilie routine for the 
old-fashioned and venerable, but altogether unscientific, routine of feed- 
ing every diabetic on a diet coiiLiiriiiig no starches or sugsirs.” Stiirk“® 
also wrote recently: “A rigid exclusion of sugars and starches in the 
treatment of diabetes is a tiling of the past, nor do we often find it 
necessary to exclude them permanently from the menu of diabetc^s. On 
the contrary, wc often substitute carbohydrates for fats in cases of 
marked acetonuria As a matter of fact, the organism act- 

ually requires for its mnintenance carbohydrates for th(» repair and 
growth of its tissues, and for the production of lieat and nnisciilar force. 
This necessity for carboliyil rates is so emphatic tliat directly they are 
prescribed the system draws upon the nitrogenous element of food to 
supply the missing coni|)onent.” As to the inliueiice of moat, Croftan 
states' that “in many cases it is well known that the sugar excretion 
only stops when the amount of meat is considerably reduced. Further, 
it can be shown tliat witlulrawal or reduction of meat appreciably in- 
creases the tolerance of earlxihydrates.” He nrgi^s, moreover, that “the 
chief danger incident to complete withdrawal of carbohydrates is . . . 
acidosis and coma ” and also that “it is surprising how often the admin- 
istration of a little carbohydrate in cases that are on a rigid diet, or of 
some more carliohydrate in cases that are receiving only small (piantities 
of carbohydrate will cause all these dangerous phenomena to disappear.*' 
A lugubrious ooinmentary upon the true meaning of all these facts is 
suggested by the case of a man in Hie last stages of the disease observed 
by LCqiinc, to whom sugar was granted owing to liis liopeloss condition, 
and who began to improve. This suggested honey as an 
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appropriate food, i.e., mcl in diabetes mellilus. The fallaciousness of 
the whole dietetic treatment based on old lines is emphasized by another 
method of which Ilare'^ says: “Although potatoes are eminumtly a 
starchy food, recent investigations indicate that it is perhaps the best 
form of starch which can be taken by the diabetic;.” MossC*, who advo- 
cated this method, recommends that 2 or 3 pounds daily of this “emi- 
nently starchy food” be taken by the patient. 

Finally, the Hindoos and all vegetarians should show an enormous 
proportion of diabetics were the prevailing doctrine true. A Hindoo 
physician of wide experience, Hose,*'” states that the Jams, who are 
great starch and sugar <;aters, ami the Hadhoos, .logc^es, aiul Chowbays 
of Muttra, who live upon sweets, do not suffer from diabetes. This does 
not .mean that diabetes is not observcMl in India. A suggestive fact 
asserts itself in this connciction, howewer: tlie patients live much longcu* 
in India, Iwcaiise, owing to their aversion for meat, th(;y cannot be placed 
upon the “sugar- and starch-free diet.”***" 

In tlic treatment of tliesc eases, the following course is rcc- 
ommended : (1) Forbiddaiiec of the offending carbohydrate, with 
reduction of diet and use of some plain alkaline mineral water: 
Ballardvalc, Londonderry Lithia, etc.; (2) second week, arsenic 
added. If at the end of the third week the sugar is not reduced 
very considerably, acetanilid on retiring (besides preceding indi- 
cations) and Vichy adopted as usual beverage.* 

ASTHENIC GLYCOSURIA. 

Synonyms. — Glt/rosnria^ but oidy as to depressing 
poisons (arsenic, chloral, etc.); "‘TraumaHc,'' and 

Fright'^ Gfgcosurias; ^^Diahetea ‘‘(■on jugal Glyco- 

suria “Diahrle Bronze^ of the adrenal type; “Diahete Afaigrc/* 
or “Fmarinting Diaheles,'^ 

Definition. — A form of glycosuria due to fmisons, diseases, 
trauiiiatisins, shock, fright and oilier (‘omlitions which depress 
the functional activity of the test-organ or of the adrenothyroid 
and sympathetic centers of the pituitary body, and, theriifore, 
the functional activity of all organs, including the pancreas. 
The s(*cretory functions of this organ being inhibited, the for- 
mation of glycogen is corn^spondingly reduced, and the food 
carbohydrates which should he utilized in this function are 
directly converted into sugar in the alimentary canal and ab- 
sorbed as sucli. Being unsuited for utilization by the tissues, 
this sugar is eliminated by the kidneys.** 

• Author's conrluslon. 
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I find it impossible to avoid introducing the name “asthenic glyco- 
suria.” The term “toxic glycosuria” is sometimes employed to distin- 
guish the form due to poisons from true diabetes meliitus. in the light 
of my views, however, it is faulty, since it includes two pathological 
processes which are not only distinct, but antagonistic. Thus, while 
strychnine and mercury provoke toxic glycosuria, by stimulating the 
adrenal system, arsenic, antimony, etc., bring it on by depressing the 
same system. Again, while the drugs which stimulate this system ulti- 
mately give rise to lesions similar to those observed in diabetes meliitus, 
those which depress it lofnd to organic chang(>s of a spec'ial character, 
i.e., those of arrested nutrition and atrophy. The term “asthenic” gly- 
cosuria seems to me not only to emlM)dy the (essential feature of an 
autoiionioiis morbid proc(>ss, but also to suggest the appropriate line of 
treatment. 

Alimontury glycosuria is not included in this form, since it 
may be produced through both hyper- and hypoactivity of the 
adrenal system. 

Symptoms and Etiology. — While in the sthenic i’orm, i.n., 
diabetes meliitus, described in the preceding section, the type of 
patient is usually one indicating vigor and overactivity, in the 
asthenic form the opposite is the case.* The patient may be 
bulky and obese, but of the typo denoting clearly general torpor 
and low vital activity. Ho may also be thin, delicate and anae- 
mic, a class in which hypochondria and imdaneholia sometimes 
occur concurrently. 

Til the first voluinc^^" T advanced the view that there was also a 
form of diabetes due to insiiflicieney of the adnaial system and con- 
cluded^" that “the glycosuria following extirpation of the pancreas is 
due to the action of the ptyalin upon food-Mtarches,” The latter con- 
clusion was based on experiments by Aldcholf, Minkowski, (Miittenden 
and rjriswold, and von ^fering and the well-known fact tliat, as st.at<*d 
by TTowell,’**'* “saliva or preparations of ptyalin su't readily on boiled 
starch, converting it into sugar and dextrin.” That aniylopsiii carries 
on, both in the intestine a ml elsewhere, the conversion of starches and 
glycogen into sugar is well known. The sugar produced, therefore, may 
be derived from that produced through the action of |)tyalin and arnyl- 
opsin.'or directly — and mainly in asthenic glycosuria — ^from sugars in- 
gested. 

Howell also says,^**" referring to diabetes: “fn severe forms of 
this disease, all the carbohydrate material of the food appears in the 
urine.” That leu(*ocyt(»s take up food-stufFs from the intestine has been 
emphasized both in the first volume and the presfuit one. In a recent 
paper, Tavy'®® states that he had'"* “adduced evidence to show that at 
the seat of absorption in the alimentary canal the carbohydrate is assi- 
milated by synthesis into proteid through the instrumentality of the 
lymphocytes of the villi.” 
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Further evidence to the effect that the explanation I furnish of 
the pathogenesis of the asthenic form of glycosuria is sound, is afforded 
by the manner in which it linrmonizes with the results of experimental 
observation, L6pine,^®* Bodart,"® Thiroloix'"^ and others having found 
that glycosuria did not follow removal of the pancreas in dogs deprived 
of food several days. The cause of this becomes obvious when the sugar 
is derived direcftly from the food-stuffs, as removal of the organ typi- 
fies, in the pathology of the disease, advanced organic changes in the 
pancreas. Lanceroaux first pointed out in 1877 that the diahete maigre 
with which the asthenic; type corres[)oiids is invariably accompanied by 
pancreatic lesions. Sauiidby in his Bradshaw lecture"® states that “in 
all typical cases of emaciating diabetes,” the pancreas was in a shrunken 
state, and that they showed microscopically hyaline change and fibrosis. 
That general nutrition should be impaired under these conditions is self- 
evident. As dc Doniinici"® says: “Destruction of the pancreas inevi- 
tably induces dystrophy of the organism in virtue of the absence of 
the very important functions of this organ in digestion, and in virtue 
of the absence of the substances that the pancreas produce's, which reg- 
ulates the equilibrium of metabolism.” 

That when the functions of the pancreas are inhibited by removal 
of this organ, glycosuria is i)roduced. is well known. Minkowski found, 
and his results were confirmed by Iledon,"" that when a fixed quantity 
of sugar was administered to animals after their pancreas had been 
removed, the sugar obtained from the urine was increased precisely in 
proportion with the quantity ingested. These and otlr.*r experiments of 
a similar kind, clearly show that, as in the advanced stage of diabetes, 
the sugar eliminated is derived from the food and not from hepatic or 
tissue glycogen. 

Adapting these facts to tin; forms I include under the term 
“asthenic glycosuria,” we are brought to rc*alize that hypoactivity of 
the adrenal system, t.e., of the test-organ and the centt;r through whi(?h 
it infiuences the adrenals and the thyroid — the adrenothyroid center — 
or of the thyroid and parathyroid glands; or of the adrenals or of the 
nerve-paths conii(;ctiiig any of these organs with one another — and 
whether due to organic lesions or to functional impairment of any of 
these structures — must, in turn, depress the secretory activity of the 
pancreas through the; deficiency of adrenoxidase, and produce asthenic 
glycosuria by materially reducing the volume of amylopsiii formed. 

The diabetes as(;ribcd to si/philis belongs to tliis group, and 
is apt to appear during the first four years, and in the course of 
the secondary and tertiary periods.* The so-called conjugal dia- 
betes is, in reality, due to sexual transmission of the disease; the 
glycosuria of hereditary syphilis is also to be regarded as asthenic 
glycosuria.* 

The glycosuria of alcoholism and influenza is essentially 
asthenic in character.* This applies as forcibly to the form 
observ(;d in murastlienia and after cerebral luemorrhagey and, 
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obviously to the glycosuria of senility, and that due to excessive 
or too prolonged lactation.* In individuals who, in one way or 
another, show the landmarks of gout, glycosuria is also asthenic 
in character, while this fact becomes self-evident in the diahete 
bronze in which more or less advanced adrenal lesions are found, 
and which present many of the symptoms of Addison’s disease.* 
Shock is another cause of this form of glycosuria, which may be 
attended by all the phenomena of diabetes, including a more or 
less rapid loss of flesh. Orief, worry and exhaustion may engen- 
der asthenic glycosuria, while anger and violent excitement may 
incite the sthenic type.* 

An important, form of astlienic glycosuria is that due to 
traumatism. In this class of cases sugar may appear as early 
as six hours after the receipt of the injury; but, as a rule, it 
begins in from eight to twelve hours. If it appears soon it is 
apt to be temporary, i.e., to disappear within ten days. The 
interval between the accident and the appearance of sugar 
usually includes shock phenomena, more or less weakness, pallor, 
hypothermia, etc. This is followed by somnolence in some and 
insomnia in other cases, and leading at times to melancholia and 
other psychical disorders, especially in head injuries, which give 
rise to glycosuria oftener than others. Acetone and acetic acid 
arc very rarely found in traumatic glycosuria except when it 
becomes permanent, and even then only wh(?n the case is ad- 
vanced. Albumin, however, is always present. 

The principal poisons which ])roduce asthenic glycosuria in 
the same way are arsenic, antimony, curare, nicotine and the 
salts of uranium nitrate.* 

A number of agents provoke the same functional inefficiency 
of the pancreas, and, therefore, asthenic glycosuria, indirectly.* 
Thus alcohol produces it by deoxidizing the blood ; chloroform, 
ether and other anaesthetics, by reducing the intake of oxygen ; 
amyl nitrite, chloral and chloralamid, by relaxing the arterial 
system and depleting the capillaries, including those of the pan- 
creas; and, finally, morphine — a frequent cause of glycosuria — 
and caffeine, which, by causing marked constriction of the arteri- 
oles, reduce the quantity of blood admitted to all organs, includ* 
ing the pancreas.* 


* 4Hihor*a conclusion. 
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That syphilis is a cause of glycosuria is familiar to every one. 
Ord‘“ and Trollet,^ however, emphasized the fact that it occurred with 
relative frequency during the third stagi* — that attended by the greatest 
adynamia. TchistiakoiP*^ found also that the urine presented no other 
abnormal constituent. This serves to differentiate asthenic glycosuria 
from that of diabetes in which phosphoric acid, etc., and other evidences 
of exaggerated metabolism are present.* Again, as suggested by Trollet, 
such caseo account for the so-called “conjugal diabetes,” which thus 
becomes conjugal syphilis with diabetes as a normal consequence. 
Schnee,®"^ moreover, lias traced it to inherited syphilis. Suggestive also 
is the fact that this form of diabetes promptly yields to antisyphilitic 
treatment, i.c., to mercury and the iodides — both most powerful adrenal 
stimulants, and which, therefore, most vigf>roiisly (;oiinternct the asthe- 
nia.* Stress was not only laid on this fact by Seegen, Servantie, 
Tchistiakoff, Decker^^-* and others, but the last-named observer found that 
recovery ensued without modifying the diet. 

As stated by Ebstein,^’* obesity, gout and diabetes are closely 
related, and any two or all three of them may be present in the same 
person. Hirschfeld^^ not only observed this close relation between 
obesity and diabetes, but also that obese people showed sugar after a 
meal containing a fairly large quantity of sugar. In the concomitant 
presence of obesity and gout we have evidence of deficient metabolism, 
and in the ])Ost-prandial glycosuria a strong probability that the sugar 
is derived directly from the food-starches. 

The concurrence of glycosuria with neurasthenia has been fre- 
quently observed by Landon Carter Gray.“'® Influenza, a disease in 
which general neurasthenia is marked, may also be followed by severe 
glycosuria, as observed by Magelson,®” Holsti,®"^ Broadbent®* and others. 
In the latter observer’s case, which was already of three years’ standing 
when reported, there was weakness and abolition of the knee reflex. 

As to drugs, arsenic, which, we have seen, is an efficient remedy 
in true diabetes, is a pernicious agent in asthenic glycosuria. Claude 
Bernard, Saikowski, Quinquaud and Masoin-^*” all foiincl that it was even 
capable of preventing the glycosuria produced by puncture of the bulb. 
Latham-'^ first reported cases of glycosuria caiused by arsenic. The rea- 
son for this is plain, when we recall that arsenic is the physiological 
antagonist of the thyroid secretion. That alcohol can cause glycosuria 
is generally recognized. As emphasized by Sandras and Bouchardat, 
however, large doses are required. Von Noorden-’* considers chronic 
alcoholism a prominent cause. Chloroform was found by Winterstein'*^ 
to reduce in animals the intake of oxygim; Ebstein^'* observed a very 
great aggravation in a practically cured case through the use of chloro- 
form as an anaesthetic. Bendix gave dogs large quantities of grape 
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sugar, but found none in their urine; a similar experiment followed by 
chloroform aiisesthesia, caused the appearance of glycosuria in all the 
animals. Similar experiments with morphine led to identical results. 
This agent was found by Eckhardt^* * ^ to readily provoke glycosuria; 
F. Cartier*** states that from 0.03 to 0.06 gm. ( % to 1 gr. ) never fails 
to produce it in the rabbit; he refers to a case of Gilbert’s in which 
morphinomania gave rise to continuous glycosuria. The other drugs 
mentioned as causes are represented by desultory cases in literature. 

Pathogenesis and Pathology. — The disorders^ diseases or 
poisons which provoke asthenic glycosuria include those which 
greatly depress the functional activity of the test-organ, the 
adrenothyroid center, or any of the organs of the adrenal sys- 
tem; or those of the vascular centers : the sympathetic and vaso- 
motor.* The oxygenation of the blood or the access of the blood 
to the various organs being impaired, their functions and nutri- 
tion arc correspondingly inhibited.* The pancreas being in- 
cluded among the organs thus affected, its output in ferments — 
including the active agent in the conversion of glycogen to sugar, 
amylopsin — is greatly diminished.* The pancreas is reduced, 
therefore, as far as its functions are concerned, to the condition 
which prevails in the advanced stage of diabetes mellitus.* 
While in the latter disease the pancreas is destroyed organically 
through excessive intrinsic metabolism, in asthenic glycosuria it 
maybe only functionally paralyzed, owing to inadequate oxygena- 
tion and local hypometabolism.* 

The sugar originates, therefore, as may be the case in 
advanced diabetes, directly from the sugar ingested or from food- 
starches, the conversion occurring in the alimentary canal. This 
sugar, being taken up by the digestive leucocytes, is unloaded by 
these cells in the intercellular spaces, but being in excess of the 
needs of the tissues, the surplus is earried by the lymph-stream 
to the blood.* The glycolytic property of this fluid enables it to 
destroy a part of this sugar, but the bulk of it, to prevent 
hyperglycaemia, is promptly excreted by the kidney. 

The presence in some oases of bronzing, as in Addison’s disease, 
i.e., the diabdte bronz6 of Hanot and Chaiiffard (1882), clearly pointe 
to adrenal insufficiency. Their opinion that cirrhosis of the liver ^ is 
always present has been invalidated in recent years, Abbott,"* Murri,"^ 
Rab6"* and others having reported cases in which it did not prevail. 


* Author*^ cmrlufAon. 

*^*Eckhardt: Beitrftgo z. Anat. u. Physiol., 1877. 
P. Cartier: Loc. cit. 

Abbott: Jour, of Path, and Bact., Dec., 1900. 
*WMurrl: Med. Woche, Mar. 24, 1902. 

Rabd: Presse mdd., vol. lx, p, 183, 1902, 
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Auscher, Gilbert, Opie, Chauveau and Kauffmann and others have met 
the issue by considering the glycsBmia as a simple complication of heemo* 
chromatosis. But the cause of the latter phenomenon was left unan- 
swered. This answer is afforded, however, by inhibition of the adrenal 
functions. Not only is bronzing caused, as is well known, by such a 
condition in Addison’s dist^ase, but we have seen that removal of these 
organs produced hemochromatosis, and as shown by tlie experiments of 
Boinet, a general invasion of the whole organism by bronze pigment. 
The adrenals themselves may be involved in the process, as shown by 
cases reported by various observers. In a case of diabetes reported by 
Kuhn"'” coinciding with cancer of the breast, the right adrenal was found 
to be the seat of metastasis. Barth,^® de Massary'*®*^ and many other 
observers have reported cases of glycosuria in which bronzing was pre- 
sent. Lupine'**' observed a marked case of diabetes and hypcrglyc®mia 
in which the right adrenal was the seat of a large sarcenna. Mimi*^ 
observed a typical case in a woman whose entire body, except the soles 
and palms, was bronzed. 

In keeping with this class of cases are the many in which lesions 
of the sympathetic paths and ganglia are present, thus interrupting 
the impulses from the pituitary body to the adrenals. Thus, Saundby®** 
refers to 4 cases in which the semilunar ganglia were found diseased. 
Thiroloix, Sandmeyer,"®* Cavazanni*®* and others have since reported cases 
in which the sympathetic structures were deeply involved. 

Myxmdema, interpreted from my standpoint,®*^ is the typical syn- 
drome of failure of the adrenal system. Talbot Jones,*®* in a clinical 

f )aper, concluded over ten years ago, that “there are striking patho- 
o^cal analogies between true diabetes and myxerdema,” and that “in 
the latter disease, success has also attended l)oth injections and thyroid 
grafting — a success achieved not only in animals, but also in man.” 
That the two conditions may occur simultaneously is shown by 2 cases 
reported by A. Oordon-*” in brothers, in both of which thyroid extract 
proved highly benetieial. Conversely, we have seen by the cases of 
Kwald and Strasser that when glycosuria does not exist in such cases 
it may be brought on by giving thyroid extract, t.c., by stimulating too 
vigorously a torpid adrenal center.* This involves an important dis- 
tinction when treatment is to be instituted. We will sec that it is only 
in the asthenic type that thyroid extract :s indicated, and that as ob- 
served by Murrell®*® “its administration should be maintained just as in 
myxa'dema.” 

The asthenic glycosuria due to traumatism is the result of 
concussion of the sensorium commune, Le., the aggregate of 
highly differentiated centers of the posterior pituitary, of which 
the sympathetic center is the most sensitive.* As a result of 
this concussion and the general shock it entails, the vessels are 


• Authur's conchmion. 
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relaxed, and, blood accumulating in the larger vessels and de- 
pleting the capillary system, the functions of the pancreas and 
liver, among other organs, are inhibited.* Traumatic glycosuria 
may be temporary, but it may also persist and ultimately tet- 
minate the patient^s life, owing mainly to gradual atrophic de- 
generation of the pancreas similar to that observed in asthenic 
glycosuria due to other causes.* 

Injuries may also, by causing concussion of the pituitary 
body and inhibition of what functional activity a diseased pan- 
creas may still retain in an advanced case of diabetes,* hasten 
the fatal termination of that case. 

That gonoral concussion — inchidiiig the most delicate centers of 
the organi rn, those of the pitiiitaiy'^ bt)dy — ^should attend traiimatism.s 
ia suggested by the general asthenia observed in sii(!h cases. The promi- 
nence of nervous phenomena, which has cjiuseci this form of glycosuria 
to be included among the traumatic neurost?s, points in the same direc- 
tion. Khstein,*®' in reporting a ease of fatal diabetes due to a general 
concussion received <luring a railway accident, concluded after a com- 
prehensive study of the subject, that “nuineroiis eases recorded in medi- 
cal literature show that between trauma and diabc'tes, as well as between 
trauma and functional disturbances of the nervous system, there exists 
a causal relation.” If we were <lealing with c(*rehral concussion, mental 
phenomena should develop at once in (wory instance; hut such is not 
the case. The unconsciousness of shock is \lue to dr'pletion of the cere- 
bral vessels, somnolence likewise, melancholia to hyponutrition — all con- 
ditions which bring us back to the sympathetic e'enter. We have seen 
also that in acromegaly all disorders of sensibility are trac(‘ahle to the 
neural lobe of the pituitary body. As statetl by llernstein-Kolian,"®* 
after a study of 45 cases, disturbances of sensibility are frequently ob- 
served in cases of diabetes following injury. That fatal diabetes' niay 
occur without injury of the bulbar centers is illustrated by a case of 
Vogel’s mentioned while discussing a paper by Ziemssen^-''* in which it 
followed the fall of a beam on the neck. The glycosuria which appeared 
a few weeks after the injury was ascribed to concussion of the spinal 
cord, though no lesions were found in this organ or in the medulla. 
That its gi>verning center, the pituitary body, should have borne the 
hriint of the shock seems logit’al in view f»f tlie fact that the slightest 
irritation of this organ, as shown by the experiments of Cyon and 
Masay,'*®* will bring alKiut widespread vascular plienomena. 

It is generally impossible to assert that sugar was not present in 
the urine before the injury was received. Loisnel-"" reported a case, 
however, in which the urine had been examined — owing to a slight gas- 
tric disorder — with negative result, two months before the injury, a fall 
on the hack, was received. Within a few weeks after the latter, glyco- 
suria developed and the patient died of diahetif; coma two months biter. 
In such a case the slow — and many of the same kind are available in 
literature — process of hyaline degeneration and fibrosis of true diabetes 
has no time to occur. 

• Authftr'fi conrluttion. 
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The entire hiHtory of such cases points to shock and inhibited func- 
tion and nutrition. Suggestive in this connection is the fact that trau- 
matisms of the lieud are more frequently followed by glycosuria than 
when located elsewhere. In Bernsiein-Kohan’s series of 45 cases, 25 
were due to head injuries. Higgins and Ogden, “““ in a study of 212 
reported cases of traumatism of ttie head, found that glycosuria had been 
present in 20. 

Asher^*^ and other authors place the spine and sacral region imme- 
diately after the head. Shock, asthenic and inhibited function are well 
exemplified by one of von (Jadden’s--'" cases, a fall on the head — there 
was extreme weakness and emaciation. Immediately after the fall, the 
patient suffered from intense thirst, and his urine contained 7 per cent, 
of sugar. 

That shock and inhibited function are also the pathogenic factor in 
true diabetes is also shown by reconled cases. Spitzer,-““ for example, 
instances a woman who had suffc^red from diabetes for five years, and 
who developed coma three hours after fracturing her clavicle; sodium 
bicarbonate administered in large <loses did not prevent a fatal issue. 
Litten-^“ reported the case of a diabetic who fell and bruised his testicle; 
some days afterwanl he developed acute digestive symptoms, and died 
of coma ten days after the accident. 

Fright usually (uiuses but a temiM)rary glycosuria. Lorand,-*^ how- 
ever, reported two cases which proved fatal : one in a woman of 35 
years, who had been well before the fright was experienced. Weakness 
appeared the same day; polyuria and gly<M)suria (7 per cent.) five days 
later, followed by death in one year. 1’he si*cond occurred in a girl of 
Ifi years, also in perfect health before the fright. Soon afterward gastric 
disorders and emaciation occurrt'd and her urine ultimately showed 8 
per cent, of .sugar. The <?ase proved fatal in a few months. 

The history of these cases clearly |>oints to the nature of the mor- 
bid process. As stated by llerter'^^'-* in respect to the glycosuria follow- 
ing head injurii^s, it must be assumed either that the pancreas is also 
involved, or that the circulation in the liver has been permanently 
changed in such a way that no carbohydrate can be stored. Interpreted 
from my standpoint, the central shock impairs the nutrition of the pan- 
creas, and its functions being inhibited, the alimentary starches are 
directly converle<l into sugar and eliminated preci.scly as is the case 
after removal of tlie pancreas. 

Tt is in iliis form of glycosuria tliat the pancreas is often 
founrl free from lesions ])ost-niortern, wliile in the cases of rela- 
tively prolonged duration, the organ presents all the evidences 
of atrophy. 

The al).sence of lesions of the pancreas in eases of diabetes has led 
Hansemanii'**® to classify them separately. As such a group would con- 
tain leases of incipient diabetes as well as eases of asthcnii; glycosuria, 
such a subdivision is not desirable. Neverthel(*ss, it emphasizes the fact 
that glycosuria is often unaccompanied by pancreatic lesions. William- 
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in a series of 15 cases in which autopsy was performed with espe- 
cial care, macroscopically and microscopically found the pancreas normal 
in 7 instances and the seat of simple atrophy in 2. In 23 autopsies 
mentioned by M. B. Schmidt^^ the pancreas was normal in 8 and mark- 
edly atrophied in only 1 instance. Mollard^^ also reported a case of 
wasting diabetes in which the pancreas was found in a perfectly healthy 
condition. 

Treatment. — ^That the indications in asthenic glycosuria 
should be precisely the converse of those of the sthenic type, 
diabetes mellitus, is now self-evident.* We have, therefore, 
practically a specific in thyroid gland irrespective of the cause 
of the asthenia.*** Even the concussion of the delicate centers of 
the sensoriurn commune is counteracted by this agent, since the 
increase of thyroidase it insures promptly increases sensibility, 
while by stimulating the test-organ and the adrenal center, it 
promotes general oxygenation, including that of the depressed 
centers.* It may be given in 1 grain (O.Ofi grn.) doses of the 
desiccated gland, three times daily, increased to 53 grains (0.1.1 
gm.) doses if necessary, whatever be the cause of the asthenia.* 

The use of thyroid gland in glycosuria has been practically aban- 
doned, owing to the fact that it increased the excretion of sugar in many 
instances. The reason for this is self-evident in the light of my views; 
it was used empirically, and as the majority of cases of glycosuria are 
of the sthenic type, the trouble was aggravated. In true asthenic cases, 
however, it is quite effective. Thus, L6pine®^^ obtained marked improve- 
ment in the case of an obese patient, although at first the sugar in- 
creased. In a case due to shock, in which considerable loss of flesh and 
the typical symptoms of diabetes were present, Murrell-’" obtained 
marked benefit from thyroid, but its use had to be persisted in ns in 
myxoedema. Under its use health was maintained, though the patient 
“did not diet herself.” J. McNamara''" found that thyroid extract was 
able to cause disappearance of the sugar in such cases, several of which 
he had had occasion to treat. He concluded that, inasmuch as there was 
diminution of fat, the thyroid produced its benefleial effects by promot- 
ing metabolism. 

A striking confirmation of the value of adrenal stimulants 
in a class of cases which can only be of the asthenic type* is 
afforded by the recognized efficiency of potassium iodide in some 
cases, especially those clearly traceable to syphilis. An impor- 
tant distinction is necessary here, however. We have seen that 
large doses, by sensitizing the depressor nerve, inhibit the func- 
tions of the pituitary body and of the thyroid apparatus.* The 

• Author* 9 conclusion. 
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best effects are obtained in asthenic glycosuria by giving small 
doses of iodide, namely 5 grains (0.3 gm.) in a glassful of water 
after meals, and gradually increasing the dose until 10 grains 
(0.6 gm.) are administered in the same manner.* The bin- 
iodide of mercury is preferable when the centers require more 
active stimulation. Via grain (0.004 gm.) three times daily, care- 
fully watched, to prevent salivation.* 

The statement in text-books that iodine or the iodides should not 
be given after meals because it forms an iodide of starch with that con- 
tained in bread, vegetables, etc., is not sustained clinically. I have 
seen iodism caused by one-drop doses of pure iodine thus given. The 
value of the iodides in the syphilitic form of diabetics requires no evi- 
dence. This applies as well to the use of mercury, which, as is well 
known, increases promptly the functional activity of the pancreas (by 
increasing general metabolism, £ would add), the end in view. 

The diet should in no way be reduced in such cases, unless 
some carbohydrate, whetlier starch or sugar, be found to sustain 
the glycosuria, the aim being to enhance the vital process. Tonics 
are in order, especially strychnine and quinine, which stimulate 
both the vascular and adrenal centers.* The desiccated adrenal 
gland {glandutce sujyrarenaJes siccw of the IT. S. P.) is very 
effective in these cases. The best results arc obtained when the 
diagnosis of asthenic glycosuria has been carefully established, 
by giving the thyroid gland, 1 grain (0.06 gm.) adrenal gland, 2 
grains (0.13 gm.) and strychnine, V40 grain (0.00165) together 
in a capsule, during, i.e,, in the middle of each meal. 


* Author's conclusion. 



CHAPTER XXVII. 


THE INTERNAL SECRETIONS IN THEIR RELATIONS 
TO PATHOGENESIS AND THERA- 
PEUTICS (Continued). 

THE ADRENAL SYSTEM IN THE INFECTIOUS DISEASES OF THE 

LUNGS. 

Tuberculosis, unlike cancer and pneumonia, shows a 
steadily diminishing mortality, thanks mainly to the painstaking 
labor that has been devoted to its prophylaxis. About one death 
in seven is still due to this fell disease, however, and when the 
fact that it assails mainly adolescents and young adults is taken 
into account, it may, without reserve, still be regarded as the 
greatest enemy of mankind. 

That the adrenal system plays a role of the greatest magni- 
tude in the cure of tuberculosis was suggested in the lirst vol- 
ume. As to predisposing conditions, I stated (1903) therein:' 
“Insufficiency of the adrenals” .... “by reducing the oxida- 
tion processes correspondingly reduces the nutrition of the pul- 
monary tissues: a predominating feature of phthisis;” again:'** 
“It is not in the lungs, therefore, that the primary endogenous 
cause of the disease must be sought, but in the adrenal system.” 
As to the mode of infection, T empliasized the fact** that “as soon 
as the tubercle badllus is admitted, it becomes an additional 
source of adrenal insufficiency” through toxins “which react 
upon the anterior pituitary body precisely as would any other 
equally virulent poison.” As to treatment, T urged that “medi- 
cation calculated to raise or develop the functional activity of 
the adrenal system to a high standard must, in the light of the 
views submitted, not only pnjvcnt the development of pulmonary 
or any other form of tuberculosis, but arrest it in its earlier 
stages.” The role of Koch’s tuberculin in the diagnosis and 
cure of the disease was also stated* to give rise to a “febrile rcac- 

» Cf. vol. 1, p. 478. 

* Cf. vol. I. p. 773. 

• Cf. vol. 1, p. 775. 

*‘Cf. vol. 1, p. 636 et fieq. 
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tion when a tuberculous process is present, because it adds to 
the toxic elements incident upon the disease, a new source of 
adrenal activity.^^ .... “Spurred to unusual energy by the 
tuberculin, the adrenal system excites a correspondingly active 
metabolism in all cellular structures, including those endowed 
with leucocytogenesis. Phagocytes and alexins arc produced 
in prof usion, the fixed endothelial and the connective-tissue cells 
contributing their share to the production of the latter, arid 
there is thus constituted a serum which confers upon the treated 
individual a degree of immunity commensurate with the degree 
of the reaction produced in the adrenals.-” 

All these statements were published in January, 1903. We 
have seen how accurately the able researches of Sir A. E. Wright 
harmonize with and sustain them, though this observer was un- 
aware of the source of the “internal secretion” which he con- 
siders as the ‘Ijacteriotropic” or immunizing substance, wdrich 
accumulates in the blood after tuberculin inoculations. We will 
now see that the views I advanced over four years ago arc sus- 
tained by the suggestive fact that they account for every phase 
of the morbid process and for many isolated experimental and 
clinical - observations which have only tended — without the 
adrenal system — to increase the complexity of the question as a 
whole. 

The evidence submitted in the following pages appears to 
me to show conclusively that the disease is not the unconquer- 
able foe that it is generally thought to he, and that with the 
adrenal system as the foundation of the curative process, and 
remedies which, as I have shown, can control the workings of 
this system, and through it the body’s bacteriolytic and anti- 
toxic agents, we can and should curb the disease and finally 
obliterate it. 


PULMONARY TUBKRCUI^SIS. 

Synonyms. — Consumption; Phthisis; Phthisis Pulmon- 

alis. 

Definition. — Tuberculosis is due primarily to the presence 
and multiplication in the body of Koch’s bacillus tuberculosis. 
Its characteristic phenomena are provoked by two endotoxins 
which the dead body of this bacillus liberates: (1) a poison 
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of unknown identity which depresses directly the test-organ and 
through it the adrenal system, thus inhibiting the protective 
functions of this system; (2) a nucleo-protcid rich in phos- 
phorus which, when in contact with pulmonary or other living 
tissues, abstracts their oxygen, thus forming areas of necrosis. 
The tubercles which characterize this disease are coverings for 
the necrosed areas and the remnants of the pathogenic organ- 
isms, but which, if some of the bacilli be still living, may be- 
come centers of infection.** 

Symptoms and Pathology. — The early signs usually de- 
scribed arc in reality those of a fully developed disease, when 
local lesions are sufficiently marked to (compromise the issue. 
A more or less purulent expectoration, the hsemorrhages, etc., 
point to a process of clisintc'gration, i\c,, to a period in which 
infection has made considerable headway. 

Notwithstiindiiiff the diagnostic value of the tubercle bacillus, to 
await the demonstration of its presence in the sputum, as is so often 
done, before establishing a diagnosis, is to compromise the patient’s life. 

When the symptoms are such as to suggt‘st the need of examining 
the sputum, they are suiriciently threatening to impose upon the phy- 
sician the duty of instituting at once measures that will tend to arrest 
the lethal trend. 'Phe absence of tubercle bacilli in the sputum does 
not prove the absence of the disease either in the lungs or elsewhere; 
the presence of these germs only serves to place the diagnosis on a surer 
footing. 

The incipient or first stage is due to lowered nutrition of 
the body at large, as shown by a more or less rapid emaciation, 
general iveahness and several other (*arly symptoms. 1'hcrc is 
often marked pallor of the skin and mucous membranes, espe- 
cially those of the palate and larynx; a tendency to hypother- 
mia (replaced by fever wlum the morbid process is more ad- 
vanc(Hl), cold extremities and sensitiveness to cold, j)articularly 
in young girls and children, the temperature declining one or 
two degrees (P.) at various times of the day or remaining low 
days, or even weeks, at a time; afebrile tachycardia, the pulse 
being from ten to twenty beats higher tlian normal, associated 
with lowered hlood-pressure and, in eases in which the latter 
symptom is marked, passive sweating. 

That the deficient nutrition is primarily due in this disease 
to an inadefpiate supply of adrenoxidasc* is shown by the readi- 

• Author* 9 conclusion. 

** Author* a deftnlHon. 
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ness with which such a condition accounts for the symptoms. 
Thus, a deficiency of oxygen, by reducing the functional activity 
of all organs, must inhibit digestion, leucocytosis, and reduces, 
therefore, the amount of food taken by the leucocytes from the 
alimentary canal and carried to the tissues, thus causing emaci- 
ation.* The muscular tissues being insufficiently nourished, 
weakness follows. The muscular coats of the arteries and 
veins being similarly influenced, they relax, causing lowering of 
the blood-pressure, while this fall, in turn, causes accelera- 
tion of the heart’s action (Marey’s law), i.e., tachycardia.* 
When the muscular debility is excessive, relaxation of the spiral 
muscles of the sweat-glands gives rise to sweating — especially 
at night, when all the muscular elements arc most relaxed.* 
All these symptoms arc also due in part to the recession of blood 
from the periphery and its accumulation in the large internal 
v(»ssels, especially those of the splanchnic area, as a result of 
the general vasodilation.* I’hc capillaries of the skin being thus 
rendered iscluemic, the pallor, hypothermia, sensitiveness to 
cold, etc., arc markedly aggravated.* 

Of all these symptoms, those most frccpicntly met with dur- 
ing the incipient stage arc the rapid j)ulso and tachycardia, 
emaciation, pallor of the skin and mucous membranes, slight 
cough and lassitude. When they are encountered in a sub- 
ject })redispos(*d to the disease through iidu*ritan(^e, or who has 
been exposed to contamination, the case should be considered 
as one of tuberculosis as far as treatment is concerned.* The 
diagnosis becomes. positive, however, irrespective of the absence 
of tubercle bacilli, when in addition to these signs, the muscu- 
lar atrophy is sufficiently marked to cause (‘og-wheel inspiration, 
drooping of the shoulders, with diminished expansion espe- 
cially marked in the iiifraclavicular s})ac(?, and abnormal projec- 
tion of the scapula?; and if, moreover, one of the tuberculous 
stigmata, a long, narrow, cylindrical or flat thorax, cutaneous 
tuberculosis, anal or ischio-rcctal fistula? and especially enlarged 
axillary glands in adults and the trachco-bronchial glands in 
children, is present.* 

These various phenoincna (those given in italics) consti- 
tute collectively an autonomous symptom-complex differing 


* Aufhor*a conclusion. 
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from the stage next to be described in that every symptom 
exemplifies organic weakness. ’^Fhc incipient stage, therefore, 
is essentially one of functional depression.* 

The emaciation, weakness, aneemia and pallor are familiar symp- 
toms owing to their persistence throughout the disease. The important 
feature in this connection, however, is to detect them before the onset 
of the pulmonary lesions. 

That impaired nutrition is closely related with an abnormal state 
of the blood is shown by the state of the latter. (Irawitz* found that 
at the onset of the disease, there was diminution of the red corpuscles. 
Rachford** in 41 convent girls exposed to tuberculous contagion averaged 
63 per cent, of haemoglobin; he asserts that pronounced anteiiiia in 
young convent girls of tuberculous stock warrants a diagnosis of tuber- 
culosis. Appelbaum^ found that particularly in tall, rapidly growing 
youths with a {K)orly developed chest “anaemia is present in the first 
stage of tuberculosis; the erythrocytes arc diminished in number, the 
hionioglobin is reduced, the specihe gravity is lessened and coagulation 
is delayed*' Ullorn and Craig* also found that before the formation 
of cavities, the decrease of erythrocytt*s and a relatively greater decrease 
in hsemoglobin were constant. Hypothermia, cold extremities, etc., are a 
normal outcome of such a condition; as obs(»rved by Weill,® Vargas and 
NCgri<^*® and otluTs, it is especially marked in children and arlolcsccnts. 
lTolmes“ regards the “subnormal morning temperature** as an important 
sign. 

The diminution of the general nutrition is made ewident not only 
by emaciation, but often by atrophy of the muscles. Romparcl'- observed 
diminution of volume, subsidence of promintmccs of the body, «‘xaggera- 
tion of hollows, loss of strength and diminution of electrical contractil- 
ity, and advises chamber gymnastics “to combat this form of muscular 
debility, which is common particularly at the outset of the disease.” 
Carcassonne'® illustrated by a number of cases that atrophy of the 
scapulo-thoracic muscles was evident Iwfore percussion or ausculation 
revealed any sign of tuberculosis. De Ueiizi and C’oop,'* by means of 
Mos80*s myotonometer, found the muscular tonicity reduced from the 
start, even though nutrition appeared normal. Cecconi"^ claims that it 
announces an early active manifestation of the disease. 

The heart is influen(;ed in the same mannc*r, as shown by its dimi- 
nution in size. This phenomencm, first observed by Tjaennec, has ever 
since occupied a prominent place in the pathology of 'tuberculosis. Louis,'® 
who found it in 109 out of 112 case.s, llizot, Rokitansky, llrchmer'^ and 
other equally prominent clinicians have, in fact, attributed phthisis to 
its influence. Cl. W. Norris'® in an able paper on the subject, referring 
to post-mortem findings at the Phipps Institute, states that they tended 
to show that “in uncomplicated cases of pulmonary tuberculosis, the 
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heart ia subnormal in size in quite a considerable number of cases,” an 
observation also strongly sustained by a lluoroseopic study of 90 eases 
by Bouchard and Balthazar d.^” Morris lays stress, moreover, on the fact 
that “the heart of tuberculous individuals is often small, not as the 
result of hyperplasia, but from atrophy or degeneration of its substance..” 
This fact, he adds, “has long since been sulficicntly pointed out by Louis, 
Andral, Kidd, Bennet, Quain, Strumpell, von Leyden, and has been 
observed by all who have given attention to the matter.” That deficient 
general nutrition is the underlying cause of this condition has been 
emphasized by Brchmer, Potain and others. 

Interpreted from my standi)oint, an additional cause for the small- 
ness of the heart prevails. A prominent symptom of the incipient stage, 
we liave seen, is a low blood-pressure. Thus, Marfan'-® found it sub- 
normal in 97 per cent, of the cases examined, floodno'-^ also states that 
while “the normal pressure in a healthy man is 15 to 18 c.m., in 
incipient tuberculosis it falls to 13, 12 or even 10 c.m., — a fact 
noted by many investigators. If we recall that this entails accumula- 
tion of the blood in the great central trunks, i.c., the splanchnic area, 
at the expense of the peripheral circulation, it will l)ecomc apparent 
that the volume of blood which the heart h«s to transmit to the peri- 
phery each lime it contracts, must be correspondingly reduced. As 
a result its expansion or diastole is diminished (its systole being 
commensurate Avith the reduced volume of blood) and it carries on 
its functions in this semi -contracted state months, and doubtless years 
in most instances.* That it should be found in this state pont -mortem ^ 
especially when inadequately nourished during a corresponding period, 
is self-evident. 

The rapid pulse or tachycardia, a sign to which many clinicians, 
including Potain, Leyden, Coimet and Loomis, attach great importance, 
is closely related to this process. It is a constant accompaniment of low 
blood- pressure, the two phenomena being related through a nervous 
mechanism. Thus, Leonard Hill'-- states that “if,” as pointed out by 
Marey,'-** “all the cardiac nerves be intaert, a rise of arterial pressure 
always slows the heart, rnd a fall accelerates it.” The nature of this 
functional relationship asserts itself when the reduced volume of blood 
projected by the heart with each systole is taken into account: it is 
to compensate for this reduced quantity that the cardiac pulsations 
are refiexly increased, the pur|)osc being to raise the quantity of blood 
passed through the lungs within a given time u]) to the normal standard.* 

The accumulation of blood in the large trunks of the splanchnic 
area by depleting the peripheral capillaries is, aside from the diminution 
of red corpuscles and luemoglobin, an im])ortant factor in the production 
of all symptoms of the incipient stsige, t.c., pallor, hypothermia and 
chilliness, muscular weakness and atrophy — besides the tachycardia in 
which, we have seen, it plays a leading rOle.* 

Tliis general adynamia is the result of two concurrent fac- 
tors: the first of these is the presence in tin* tubercle bacillus 
of a toxin (an endotoxin, since it is active after death of the 
bacillus) which depresses the sensitiveness of the test-organ.* 
The functional activity of the adrenal system being inhibited 
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in proportion, general metabolism is inadequate.* This entails 
also deficient formation of auto-antitoxin and a corresponding 
fall of the bacteriolytic and antitoxic properties of the blood.* 

This is well shown by the preliminary effect of tuberculin, as 
demonstrated by Sir A. E. Wright, who states, referring to his own 
observations: “Upon the inoculation of the vaccine there supervened a 
period of intoxication which is characterized by a decline in the anti- 
bacterial power of the blood. This negative phase is more or less pro- 
longed according as a larger or smaller dose of the vaccine is inoculated.’* 
That this action is due to active depression, by the germ or its endo- 
toxin, of organic functions is made apparent by tlie fact that, as stated 
by Professor Lukis“® in reference to Wright’s investigations: “It is 
found that injection of small doses of Tuberculin T. R. [an emulsion 
of dead tiibercule bacilli] causes first a temporary fall in the opsonic 
index, lasting from a few hours to as much as 14 days, and that this 
fall is followed by a prolonged rise. This action is presumably exactly 
the same as tliat caused by the products of bact(‘rial activity in the 
course of phthisis, the characteristic feature of which is that in the early 
stages you find periods of activity alternating with periods of quiescence, 
these alternations being associated with corresponding variations in the 
opsonic index.” These alternations are characteristic of the reactions 
of the adrenal system, as we halve seen under Epilepsy. We will see, 
moreover, that ai similair aiccurnulation of waistes, besides detritus inci- 
dent upon the tuberculous process, accounts also for the reaiction stiij^e 
caused — indirectly — by tuberculin. That the direaft aiction of tuberculin 
is to depress the test-organ, is shown by’ the fact thait Do Vecchi and 
Polognesi'-" found that aft(T inoculation with tuberculous material, the 
chromatophile cells of the pituitary body showed evidence of hypo- 
function. 

The second caiiae of adynamia is due, cv(‘n in this, the 
incipient stage, to tlie presence in the lungs of siifiiciently ad- 
vanced lesions to reduce markedly the intake of oxygen. 

Insidiously, or giving rise perhaps to a slight though duh- 
horn reflex cough, tubercle bacilli have been, for some time be- 
fore the symptoms enumerated appear at all, destroying the 
functional activity of the air-cells or alveoli. Here they caused 
the formation of tubercles, small nodules varying in size from 
that of a pin-point to that of a millet-seed. Located from the 
first in the delicate partitions that separate the minute saccules 
or air-vesi(;les of an alveolus, they gradually increase in number 
until the latter and the terminal bronchiole leading to it are 
filled with them. As tubercles are being formed simultaneously 
in many alveoli, (*ntire lobules (which contain several alveoli) 
are finally rendered useless, the respiratory area of the region 
involved being reduced in proportion. Hence the presence of 
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another major symptom, wlicn the breathing area is sufficiently 
compromised, viz., dyspnoea, which occurs at first only during 
physical exertion. 

The development of the tubercle is primarily due to the 
local irritation which the bacilli excite in tlie connective tissue 
and epithelial elements. The irritated spot attracts numerous 
leucocytes, many of which, the polynuclears (some being phago- 
cytes), supply the trypsin and nucleo-proteid which, with the 
adrenoxidase and thyroidasc secreted by the r(*d corpuscles, 
form auto-antitoxin.* ^J1ie evident purpose of this process is 
to destroy the germs.* 

The tuberculous process per se, Le,, the formation of the 
tubercle, is due to the disintegration of the bacilli in the alveo- 
lar walls by the local bacteriolytic elements, and to the libera- 
tion of their main endotoxin, — a substance which enters into 
the composition of these germs, and the actwe principle of 
which is phosphorus* So great is the proportion of this cle- 
ment in the solids of tubercle bacilli that their ashes contain 
over 60 per cent, of phosphoric anhydride. The morbid process 
is aggravated, moreover, by the fact that these bacilli actively 
reduce the adrenoxidase at the expense of the tissues.* 

MafTucci, of Pisa,®^ found tliat culture preparations of tubercle 
bacilli contained, when the bacilli were dead, a toxic substance which 
resists the action of time, heat, desiccation, sunlight and gastric juice. 
He ascertained, however, that it is not a product of bacillary secretion, 
nor derived from the nutrient medium, but a poison in the aubstance of 
the bacillus itself, and liberated when the germ is disintegrated. A 
minute dose of this poison auiliced to cause “maraamus” and simul- 
taneously inflammation and necrosis of the tissues, and other lesions 
typical of tuberculosis and amemia. On the other hand, llammersehlag 
ahowed that the bacilli produced an extract which contained huathin (a 
body containing considerable phospliorua) capable of producing death 
in rabbits and guinea-pigs, while Levene-^ found that the body-substance 
of the tubercle bacillus not only contained phosphorus, but a body rich 
in this element: nucleo-proteid. The moat valuable of these researches, 
however, are those of O. K. de Schweinitz and Marion Dorset.®® They 
analyzed the ash of tubercle, bacilli to the amount of 145.‘1 grammes after 
the manner prescribed for plants, and found that it contained 55.23 per 
cent, of phosphoric anhydride (PaOn). a proportion which was raised 
to 60.90 in a subsequent analysis by de Schweinitz. This obviously 
indicates that pure phosphorus enters for a large share in the composi- 
tion of these germs. \Vhen the rapidity with which they multiply is 
taken into account, it becomes evident that under conditions that favor 
their proliferation in the body they constitute a proliOc source of phos- 
phorus. 
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That tubercle bacilli are pathogenic owing to their phosphorus 
(doubtless in loose combination with other constituents) is shown by 
the similarity of their elFects to those of chronic phosphorus poisoning. 
Phosphorus, as is well known, arrests local nutrition. While Cau^ and 
others found that this was due to oxidation of the element, ArakP^ 
showed that lack of oxygen was a prominent feature of general phos- 
phorus poisoning. This observation, according to Cushny,'^ “confirms the 
imprcoBion of many earlier writers.” This author also states that “as 
soon as it is oxidized, phosphorus lores its specific action” — thus restrict- 
ing to the element itself the morbid phenomena witnessed. Comparing 
these phenomena with those of the incipient stage of tuberculosis — due, in 
my opinion, to the bacterial (a loosely combined) phosphorus — the 
analog is striking. The coagulation-necrosis caused by the tubercle 
bacillus is a counterpart of that caused by phosphorus. As to the 
anscniia and diminution of red corpuscles and hieinoglobin, Vogel,“ 
d’Arnore and Falcone** and others have re(;orded similar effects in phos- 
phorus poisoning. The low blood- pressure and rapid heart-beat are like 
wise present in the latter condition, as observed by Pouchet and Cheva- 
lier,** who also noted that large doses of phosphorus (orthophosphoric 
acid being used) more than doubled the heart-beats. Precisely as is 
the case in tuberculosis, PaP found that the lovV blood-pressure was due 
to dilation of the vessels. MagitoP includes among the symptoms of 
chronic (loisoning in French match-factories, wasting of the tissues. 

That it is the oxygen of the adrenoxidase that is consumed in 
the process is also evident. We have seen that Appelbaiim found that 
in tuberculosis the coagulation of the blood was delayed — a phenomenon 
due to deficiency of coagulating ferment, t.c., adrenoxidase; now 
Cevidttlli*® also found “diminution and disappearance of the coagulating 
ferment” in slow phosphorus poisoning, while Araki*® observed that 
the coagulability of the blodd was so reduced in some instances that it 
remained lliiid forty-eight hours or more. 

The formation of the tubercle, therefore, re(}uires the death 
of the bacilli, thus liberating their principal constituent, phos- 
phorus.* This element, owing to its intense affinity for oxygen, 
becomes oxidized at the expense of what adrenoxidase may be 
present, but when this source fails, it takes up that of the under- 
lying cellular elements (of the previously irritated area) and 
provokes a local coagulation necrosis.* TTence the almost in- 
variable absence of even dead bacilli in the necrotic center of the 
tubercle, though they may be present in large (piantitics in the 
immediate neighborhood.* This central area contains, however, 
granular masses composed of disintegrated cell-nuclei and the 
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remains of necrotic tissue. Surrounding it is the so-called ^^gran- 
ulation-tissue” zone which in reality is jnainly composed of the 
leucocytes previously referred to and their used products. Thus, 
the framework of this zone is a network of fibrin, a sul)stanee 
formed, we have seen, when niicleo-proteid and fibrin ferment 
(adrenoxidase) combine to form a clot.* In this network are 
imbedded the leucocytes, remnants of fibious tissue, granulation 
cells and their iiuclei, the whole forming around the necrotic 
focus a loose capsule whi(ih gradually fades into the surrounding 
normal tissues or, as is usually the case, merges with adjoining 
tubercles. 

This entire process is an inflammatory one from start to 
finish.* ^I’his is further shown by the presence in most in- 
stances, of giant-c(dls, which occur in otlujr conditions as 
se(|ucls of inflammation. 11iey consist of a large mass of pro- 
toplasm con tabling numerous nuclei, and nn) similar to the 
giant-cells of bone (osteoclasis) known to be phagocytic. As 
they surround the tub(?rcles, and project pseiidojiodial processes 
into them, while, nior(M)ver, they often contain detritus, bacilli 
and disintegration ])roducts of the latter, their evident function 
is to act as phagocytes in order to remove, if possible, the tuber- 
cular mass. 

If this auto-protective process fails to be carried out suc- 
cessfully,* as is often the case in animals, and when the fornui- 
tion of tubercles is rapid, the central necrotic mass becomes 
caseous, a feature which tends to cause confluence of a group 
of tubercles. Tbider these conditions a more active auto-pro- 
tective process is awakened,* i.e.. fibrous encapsulation. This 
is brought about by the growth, around each tubercle or aggre- 
gate of tubercl(‘s, of cellular connective tissue which gradu- 
ally becomes more fibrous as its cells disappear. Connective 
tissue bands and a thick, fibrous network soon invest the entire 
tuberculous mass, enclosing necrotic tissues, cell-remnants and 
even the; giant-c(‘lls, in iheir grasp. The caseous material dries 
and shrinks, and is finally transformed into a calcareous and 
gritty mass enclosed in a fibrous cicatrix, which sometimes in- 
cludes considerable of the surrounding tissues. 


• Author*8 conclmim. 
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The large proportion of phosphorus that the tubercle bacilli con- 
tain has suggested that their pathogenicity might be due to the need 
of phosphorus us food. The fact, however, that they are lar more patho- 
genic when dead, concliisivoly eliminates such a conclusion. 

Koch" showed that dead tubercle bacilli, when injected subcu- 
taneously in guinea-pigs, produced an abscess. Prudden and HodenpyP^ 
not only confirmed this result, ascribing the action to a “bacterio-protein” 
liberated when the bacilli were disintegrated in the tissues, but they 
obtained, after intraperitoneal or pleural injections of an emulsion of 
bacilli, nodules of various dimensions. The center of these nodules, 
composed of epithelioid and giant cells, contained tubercle bacilli in abun- 
dance, imbedded in (Tcamy material and surrounded by fibrous tissue. 
This was confirmed by Straus and Gamalcia," by Vissman," who con- 
cluded that “tubercle bacilli, though dead and therefore deprived of the 
power of growth and metabolism, can still originate alterations in the 
tissues resembling in every detail the structure of a fresh tubercle;” 
by Alfred Masur/‘ whose experiments showed tluit “the bodies of dead 
tubercle bacilli contained toxic substances which are to be regarded as 
the cause of the elinnges in the diseased organs;” and finally by Stewart 
Stockman," who found that the soluble firoducts of the tubercle bacillus 
profluce little cfTect on the healthy organism and that the dead bacilli 
are far more .active than the soluble products. 

Again, if these leuions are due to the phosphorus of the disintegrated 
bacilli, they should corrcs|)ond with the local changes ])roduced by this 
element. U«*ferring to phosphorus, Cushny" writes: “Another feature 
in pliosphorus poisoning, which is, however, better seen after repeated 
small doses than after a single large one, is the proliferation of the inter- 
stitial connective tissue of the stomach, liver and kidney, which finally 
induces typical cirrhosis of these organs.” Jhiiimgai ten," on the other 
hand, defines a tubercle as “the result of proliferative and exudative 
changes.” Cushny also says, referring to the action of phosphorus vapor, 
that “many pathologists now regiirt^ this proliferation as a secondary 
result of the necrosis of parenchyma cells.” Abel," on the other hand, 
“by the injection of dead tubercle bacilli into the tracluuis of rabbits, 
found, after twenty-four hours, white isolated areas in the bronchi and 
alveoli ina<lc up of round cells, among wliich were the bacilli; twenty- 
four hours later these were necrotw and epitlielial proliferation had 
begun.” K. H. I^e Count," from wliose paper Abel’s lines are (pioted, 
remarks: “Thus we find, in marked contrast to one .another, a Wfurfac- 
tire necrosis^ which we recognize under the more common term of suj)pura- 
tion, formation of fibrous tissue and a necrosis without liquefaction — 
three distinct processes differing from one another anatomically and 
histologically, and having for their etiological factor the poisonous sub- 
stances present in the bodies of the dead tubercle bacilli.” ’fhese three 
processes are also peculiar to chronic phosphorus poisoning, the liqucfac- 
tive necrosis being esyiecially marked in osseous tissues. Le Count also 
states that fibrin (comy)osed, we have seen, of nucleo-proteid and 
adrenoxidase) is “constantly present” in the tubercles of guinea-pigs, 
and that “the frequent presence of fibrin in genuine tubercle nodules in 
human beings has been demonstrated by Werneck de Aquilar in Baum- 
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garten’s laboratory.” The presence of fibrin is, in fact, generally men- 
tioned in text-l)ooks. Even tlie fibrous encapsulation of the tubercle 
finds its counterpart in the fibrous iiiduraiiuiis which terminate the 
curative process in lesions caused by phosphorus. 

Suggestive in this connection is the predilection of matchworkers 
to phthisis. J. Ewing Mears®“ states that “in many there is observed 
a gradual deterioration of physical condition as manifested in lo.ss of 
fiesh and vigor.” In the only three fatal cases to which he refers, “the 
immediate cause of death was phthisis.” Ilalph Stockman'’* states that 
the phosphorus fumes to which match- workers arc exposed “consist of 
phosphorous anhydride and some plios|)horic anhydride — 

the latter being the form found in the ashes of tubercle bacilli by do 
Sehweinitz and Dorset, as we have seen. After referring to the cases 
in which ncc;rosis affec'ts only the jaw-lM)nes, and which recover after 
surgical intervention, he writes: “In other cases, the disease, instead 
of healing, spreads locally, involving more bone, the patient becomes 
cachectic, feverish, and wasted, and ultimately dies of pulmonary 
])hthisis, gtmeral tuberculosis or some other tuberculous affection.” Con- 
vinced by this, and by the fact that, as he states, “the condition generally 
is vxaafly ftirnilar to Avhat is seen in tubcrculositi of the jaw in cattle 
and in tuberculous disear.e of other bones in man,”* he concluded that 
the cause of phosphorus necrosis was the tubercle bacillus, and examined 
the pus from six cases by the Ziehl-Ncehsen method, finding it in each 
instance. He says, however, that “the organisms were few in number 
and difficult to find except on the closest and most careful examina- 
tion;” that even after centrifugalization and utilization of the s(»liment 
“sometimes several coverglasses had to be examined before any of the 
organisms were seen,” and finally that “inoculation of guinea-pigs with 
the pus did not infect these animals with tubercle.” 

In view of the data 1 have submitted in the foregoing pages and 
the fact that, as stated by Abbott/’- “there is a group of bacilli whose 
numbers are in many respects so like tlie genuine bacillus tubercuilosis 
as easily to be mistaken for it,” and which are “characterized by the 
same staining peculiarities,” while “not all members of this group are 
capable of causing disease,” the germs observed by Ralph Stockman 
evidently belong to this benign class. Indeed, it is doubtful whether 
cases of chronic phos])hori.sm are even as vulnerable to infection as 
the average individual, owing to the immunizing influence of their febrile 
state. On the other hand, when we consider (1) that as Stockman 
says, “the ac(?o\ints of post-mortem examinations of fatal cases” show 
that “in most cases death occurs from tuberculosis of the lungs” in 
match-workers, and that the fimies of phos|)horus which they inhale 
months, or years, finally provoke a general disease so similar to pulmon- 
ary tuberculosis, that it becomes a question whether the bacillus of this 
disca.se is not its true cau.se, and (2) that the pathogenic agent of the 
tubercle bacillus, in the light of the evidence adduced, is phosphorus, 
the conclusion seems Avarr.anted that tuberculosis is a phosphorus necro-sis 
of the pulmonary tissues, and that the tubercle is naught else than a 
capsule for the necrosed area, calculated to isolate it from the surround- 
ing normal tissues. 

The second stage becomes clearly defined when tlie deposit 
of tubercles is sufficiently great to modify the normal sounds 
obtained from the chest by auscultation and percussion. 

• The ItallcB are my own.—S. 
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The formation of the tubercles usually begins in the pul- 
monary structures below the aiiex of cither lung (not neces- 
sarily the left, as generally believed), or of both lungs simul- 
taneously, behind the middle of the clavicde. When sufficient 
area is involved, reliable physical signs may be detected on 
auscultation immediately below the clavicle, above it, and over 
the supra-spinous fossa j)()steriorly, namely, roughneas of the 
inspiratory murmnr, coupled with lowering of its pitch, and, 
when the respiratory field is greatly reduced in the area exam- 
ined, muffting of the vesicular murmur with prolonged or blow- 
ing expiration, ff’hese modifications are mainly due to the 
duclion of the caliber of tiie bronchioles and of the secondary 
air-passages in tlu; cavity of the alveoli, by the tubercles. 1’he 
detection of these signs is facilitated by comparing the soumis 
lieard with those of some other part of tlu^ lung. espe(*ially tin* 
other lob(‘s which Jire seldom involved early in the disease. Tt 
is also only when considerable lung tissue is involved that 
dullness on percussion, tlui pitch of the noti's Ixiing somewhat 
raised, and increased vocal resonance- i\\o dcaiser tissues being 
better sound-conductors — become clearly defined. Tho cough 
in this stage is markcul in proportion as the various factors 
which oppose the elimination of the excrement itious materials 
pent uf) in the alveoli, bronchioles and the rest of the bron- 
chial passages — viscidity, mechanical obstruction, etc. — arc 
great. The sputa at this time often contain small grayish-greeji 
masses which originate from the diseased area and are com- 
posed mainly of tubercles, broken-down leucocytes, and fibrin. 
S])uium of this kind usually contains tubercle bacilli. 

I)ysp)uea, especially marked on ex(‘rtion, and increase of 
the respiralory rate are prominent sym|)toms of this stage. 
Iffiey arc due not only to the diminution of the respiratory field 
owing to obliteration of the air-c(fils by the tubercles, but also 
to the deficiency of hamioglobin, the oxygen intake; satisfying the 
needs of the body only when it is in re])ose. Lassitude also be- 
comes more mark(;d, owing to the inci(;ased muscular weakness. 
The latter condition may now cause interrupted or cog-wheel 
inspiration, the mus(d(*s being too weak te) ('xpand the chest, 
and doing so by jerks instead of by means of their usual imper- 
ceptible contractions. Another n*sult of muscular weakiujss is 
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dyspepsia, the muscular layers of the stomach being unable ade- 
quately to churn its contents and insure its passage through the 
pylorus.* This symptom is materially aggravated by the defi- 
ciency of pepsin — due to the deficiency of oxygen in the blood 
and the resulting torpor of all cellular functions, including, of 
course, those of glandular organs. Diarrlum, owing to this mor- 
bid condition of the jiiuscular, glandular and epithelial elements 
of the intestinal canal, may also occur: a prototype, to a certain 
extent, of tlie bronchorrluea so often mistaken for bronchitis.* 
In young girls, the same general adynamia shows itself by ab- 
sence or diniinulion of ni eases, and in a large ])roportion of cases 
by anorexia — an additional source of emaciation and debility. 

Fever is another important symptom of the S(*cond stage. 
That it is partly due to auto-protective overactivity of tlu; 
adrenal syst(?m excited by the pulmonary lesions, is shown by 
the fact that although it is of a continued type, it is attended 
with evening cxa(*(u*bations, the fever ranging between 1)1). 5° 
and 100.5° F. (.‘17. 50° and 138° C.), until it assumes the hectic 
type. It is aggravated, as shown und(*r Treatnumt, by vascular 
hypertension.* In markedly debilitah'd individuals the fluctu- 
ations may range from a subnormal temperature of n(>.5° P. 
(;55.8° (\), for instance, to 1)0° P. (87.2° (^). The brightness 
of the patient’s eyes is often suflieiently mai’ke*! lo suggest this 
f(‘brilo condition. Profuse niyht-stceats are eommonly observed 
during this stage, but, as in the first stage, they ar(^ the result 
of the nocturnal depression and relaxation of the spiral niuseles 
of the sweat-glands, the teni|)erature being subnormal. 

JTwmorrhaye from the lungs is of frerpient oceurremee dur- 
ing this stage. It is rarely profuse, being due to involvement 
in the necrotic process of an area of eapillari(\s or of sonn* small 
arterial twig. Although it should excite suspicion when no 
other sympiorn of tubenailosis is present, it does not necessarily 
indicate tlu* ])resence of this disease, since it can also be due to 
cardiac disorders, vicarious menstruation, naso-pharyngcal 
ulceration, sarcoma of any porfion of th(> respiratory tract, 
aneurism, ari(‘riosclerosis and other conditions. Its o(*currence 
with loss of weight, dullness at either apex and increased vo(*al 
resonance, however, suggests tuberculosis. 


♦ Author's concluNion. 
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Hoarseness is occasionally the initial symptom, but ulti- 
mately develops in a large proportion of cases. It points gen- 
erally to involvement of the larynx in the tubercular process, 
and entails considerable suffering. The larynx should be ex- 
amined, and if local tuberculosis is to develop, the tissues over- 
lying the arytenoid cartilages or the epiglottis will appear cede- 
niatous and swollen. Spots of ulceration may also be present, 
but these are more apt to occur in the interarytenoid space. 
Pains in various parts of the chest, changing from one place to 
the other, but frequently located in the back and in the rcgi(m of 
the sc^apula, are sometimes complained of. Pleurisy is a fre- 
(luent complication owing to contamination through contiguity; 
it is also characterized at the outset by pain. 

In doubtful cases, when all other means of diagnosis have 
been exhausted, tuberculin may be tried. Its mode of action 
will be reviewed under Treatment. 

The diazo-reaclion of Khrlich is of but little value, being 
often obtained in other diseases and only in tuberculosis when 
the morbid process is suirK*iently advanced to l)o readily recog- 
nized by ordinary methods. Iliis latter conclusion is also ap- 
plicable to the x-ray method. 

Concern iiigf the presence of lesions in both apices, singly or jointly, 
Tyson'*® states that Osier ‘*ont of 413 cases found the right apex involvecl 
in 172; the left in 130; both, in 111.” lie also refers to T. G. Davis, 
who, out of 94 cases, found the lesions niarkcully worse on the right side 
ill 39, and on the left side in 29, while both sides were atrected in 20. 

Th(i value of inspiratory roughness pointed out by O rancher has 
Ixjen generally recognized. Tt is harsh and rasi)ing and is best heard 
when the patient takes a deep breath, and leans against some support. 
It is considered by Oraneher, Landouzy, Marfan and equally competent 
clinicians as positively indicating the onset of tuberculosis, especially 
when emaciation and pallor are also present. C ranch(*r'* ascribes it to 
obstruction of the alveolar vestibule by the developing tubercles, and 
contends that dullness, upon which so mucdi reliance is placed, occurs 
only when consolidation is advanced. Pye Smith'*" in fact considers it 
an even more tardy sign. That the cog-wheel, interrupted n'spiratiem 
means atrophy of the muscles was emphasized by Liebermeister"" and 
others. 

The frequency of laryngeal lesifms in pulmonary tuberculosis is 
shown by the fact that Stein” found them in 170 cases out of 474 
examined. J. Payson Clark"" also found the nasal mucous membrane 
atrophied in 70 cases out of 100 examined and holds that it ])rcccdes the 


“Tyson: **Pract. of Med.,** third edition, p. 254, 1903. 

“ Grancher: Le bull, mod., vol. lx, p. 815, 1895, 

“Pye Smith: Lancet, Apr. 7, 1900. 

“ Llebermelater: Deut. med. Woch., Bd. xlv, S. 789, 1888. 
“Stein: Hospltalstldende: Bd. xiil, S, 787, 805, 1905. 
“Payson Clark: Boston Med. and Surg. Jour., Oct. 3, 1895. 
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pulmonary lesions. Kniarged axillary glands, varying in size from a pea 
to a hazel-nut, and rolling under the linger, as pointed out by Fernet,“ 
are often present very early when progressive emaciation without 
apparent cause proves to he tuberculosis. 

Trudeau®* *• found the tuberculin test generally reliable when 
in suspected cases the diagnosis could be established by no other means. 
This represents the consensus of opinion of the many clinicians who 
have used it extensively. 

In the third stage, that of softening of the tubercles and 
cavity formation, areas of caseation in tlic lung tissue varying 
from the size of a pea to that of a lobe, or even an entire lung, 
arc formed when the necrotic process is too rapid to permit 
tlic formation of the fibrin network or outer zone wliich in tlie 
miliary tubercle encloses the necrotic tissues and the disin- 
tegrated bacteria. Hence the fact that tlic caseous masses are 
found to contain a large number of tubercle bacilli. A caseous 
mass is a compound of necrosed pulmonary tissue destroyed 
by the bacilli, and of the constituents of the auto-antitoxin 
(now minus its oxygen) accumulated in tlie corrcjsponding area 
to destroy these germs.* Tt indicates that the auto-protective 
process was inadequate to counteract their development, a fact 
which accounts for the presence of intac^t bacteria.* When the 
mass(*s arc not too large, they may undergo calcification or 
fibrous encapsulation, as in the second stage, both of which are 
curative processes.* Such a fortunate result takes place when 
the auto-protective resources of the body become sufficiently 
active from one cause or another to carry it on to a finish.* 
The diseased tissues are thus completely isolated from the nor- 
mal parenchyma. 

When spontaneous cure fails to occur, the caseous masses 
soften and are more or less perfectly expelled by way of the 
bronchi, with which they usually communicate, leaving a cavity. 
The destructive process continuing in the walls of the latter, 
however, it is gradually enlarged, and as many undergo this 
process simultaneously they eventually merge, forming larger 
cavities. As the tubercle bacillus is the source of all this de- 
struction, the process is one of continuous tissue necrosis, the 
detritus of which represents morpliologically the contents of 
a large abscess — ^biit minus the pus organism. There comes a 


* Author's conchmion. 
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“Trudeau: Inter. Med. Mag., Mar., 1900. 
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time, however, when these organisms are likewise present as 
prominent factors of the suppurative process, which now be- 
comes one of mixed infeciion, with more or less septicemia as a 
consequence. 

The apex being the starting point of the cavity-formation, 
a large vomica may be present in this location, while the lower 
lobe, wliieh the destructive process is gradually invading, is 
still the scat of smaller cavities. Sometimes the periphery of 
the lung is reached, and if it happens to be beneath the pleura, 
pneu mo thora x occu rs. 

Around cavities of all dimensions, especially ^)eueath the 
pleura, there is clear evidence of an elVort to protect contiguous 
structures, connective tissue being developed to limit their ex- 
tent. An entire apex may thus be isolated, its numerous cavities 
being enclosed in dense masses of librous tissue — evidence to 
the effect that even at this advanced stage of the disease, much 
can be done to arrest the lethal trend.* 

That cnlcaroouM or sclerotic* masses ar(» frequently found poftt- 
mortem in p<*rson.s who were free from tuhereulosis at the time of their 
death has long been known. Sehlenker found that (15 y)er cent, of 100 
autopsies, irrespeetive of the cause of death, showed evidences of tuber- 
culosis; Higgs found them in 00 per cent., and in another series, ai..5 
per c(‘iit. of 4000 autopsies; and Kaegeli, 07 per cent, of 500 autopsies."*- 
V'ibert,"- in looking over the register of necropsies nuule at the Jhiris 
Morgue, was “struck hy the fact that in i;n individuals of from 25 to 
55 years of age*, having all succumbed to violent or siidchm d(‘aihs, it 
was noted that tluj existence of pulmonary tuberculosis was recognized 
in 25, in 17 of whom the malady was in a cretaceous, or healed state.” 
Jlogee and Hond<*t, in their anatomical studies of the subject at the 
SalpC'triere and Bicetre Hospitals in Paris, among ageil snl>jeets, found 
that the proportion of instances in which there w'as clear evidence of 
spontaneous arrest of the disease was as high as four-fifths. Aupinel,"* 
in the course of (10 autopsies in aged individuals who had died of various 
diseases, found evidences of cured tuberculosis in erevy infttnnre^ and 
concluded with Cruveilhier, (V>rnil and Hanvier, Bollinger and others, 
that few persons escape infection, but that, thanks to calcareous infiltra- 
tion and fibrous encapsulation, the lesions are spontaneously healed in 
most instances. 

The general phenomena of the third stage are ehicfly ehar- 
aeterized by their intensity. ^Fhe emaciation has become very 
marked and the general weakness correspondingly so. The 
cough is not only much more seven?, but (1(?prives the patient of 
sleep by its persistence; moreover, the ingestion of food, by 

• Author’ fi cnneJuftlon. 

•'Sehlenker: Cited by H.-ire: *‘Pract. of Med.,” p. 306i 1905. 
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••Auplnel: ThOso de Paris, 1895. 
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causing severe accesses of coughing, provokes emesis, at times 
of an entire meal. The expectoration is now profuse. The 
sputum is purulent and contains irregular, tougli, roundish 
masses that tend to adhere to the edges of the vessel, the 
/^nummular” or coin-like sputa. These arc chara(;t(?rislic in that 
they are similar to the contents of the cavities, containing 
iimumerablo bacilli, pus-cells, epithelial cells, elastic tissue 
from the disintegratcM] alveoli, broken-down leucocytes, etc., and 
— an important feature in view of tlie role of fdiospliorus in the 
morbid process as I int(‘rpret it — an abundance of phos])hates. 

Hwmorrhnges during this stage are more dangerous than 
those tliat occuir earlier in the disease. Tlicy an? due to erosion 
of larger vessels which course in the walls between the cavities 
or to the rupture of small aneurisms that d(welop along those 
vessels. They may, therefore, be very profuse — sufliciently so 
at times to prove fatal. 

'riie fever likt^wisc assumes a different character, owing 
to the insinuation in the pro(‘ess of ])yogenic bacilli, and is given 
an autonomous position in the symptomatology of tlu* disease 
as hectic fever. It is, in fact, due to two distinct factors.* The 
first is protective, ryogenic germs and their toxins arc able to 
stimulate actively the adrenal cemter and thus to provoke high 
fever,* reaching generally 101® V. (10® (\), the highest ])oint 
being reached daily late during the afternoon or in the? evening. 

temperalur(‘ then falls, gradually, not to normal, as a rule, 
hut considerahly helow, as low in some cases as 9.5° F. (35° C.), 
the minimum being attained during the early hours of the 
morning. The second factor does not always exist, viz., an 
artificial and supphunentary fever similar to that (*voked hy 
tuberculin, and due to the additional hvnt energy liberated by 
tlic interaction of phosphorus derived from dead bacilli (which 
accumulate in enormous numbers during tin? third stage) and 
the excess of oxygen which the increase of adreiioxidasc entails 
— this latter being due to the fever caused by the pyogenic 
germs. The temperature sometimes reaches 108° F. (42.2° C.) 
under these conditions. In the absence of mixed infection, 
however, or when the adrenal center is unable to respond to the 
stimulus,* the febrile proeess may be very slight or fail to occur. 


• Author' a vonvlunion. 
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Stvcaling is also profuse in most cases, but in this stage it 
is due, during the preseiKX' of fever, to excessive congestion of 
the peripheral arterioles and to the resulting overactivity of 
sweat-glands;* but it may also occur as a result of depression, 
i.e,, during the afebrile period when the temperature is low 
and the pulse rapid and weak. Diarrhcsa, due to a correspond- 
ing condition of the intestinal glandular elements,* is frequently 
present during the third stage and is an obstinate symptom. 

Among the tardy phenomena are often observed patches 
of pigrnenlntion varying from a yellowish tinge to tyiiical 
bronzing. '^I'hcse indicate that the adrenal system is failing 
either through asphyxia of its center, owing to the drain of 
oxygen which the phosjihorus of the disintegrated bacteria im- 
poses upon the body at large, or on account of the excess of work 
of which the hectic fever is the expression.*. Again, the 
adrenals and the thyroid are themselves the seat of tuberculous 
lesions in some cases; the typical symptoms of Addison’s dis- 
ease, including the bronzing, may then api)ear. 

The physical signs arc clearly defined, ^fhere is marked 
restriction of the respiratory movements of the chest. I'he 
dullness on percussion persists as long as areas of consolidation 
are present, but gradually, as cavities are being formed, the 
resonance increases until it sissumes the tympanic character 
over the cavities. When large cavities are present, the ^U-raclced- 
pnr resonance can be olilained (the iiatient’s mouth being 
open) provided they are situated not too far from the point 
percussed. Palpation makes it possible in some cases to distin- 
guish the areas of consolidation from the cavities, the vocal 
fremitus being much more marked over the former, owing to 
their superior sound-conducting power. Auscultation, when the 
caseous masses are liquefied, elicits siihrrepitant rales, and if 
the air, on deep inspiration, passes through one or more cavities 
more or less filled with fluid, to reach other parts of the lung, 
gurgling or huhbling sounds may be heard. The bubbles formed 
by the air-streams oftem break and produce a sound resembling 
meialUc tinhling. In cavities in which the air merely passes 
over the fluid, cavernous or Uihular breathing is easily dis- 
cernible; and if the air-current traverses the edge of a cavity, 


• Author's conrlusion. 
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the amphoric breathing may be obtained — a sound resembling 
that produced wlicn blowing across the mouth of a bottle. 
Pectoriloquy is a valuable sign to determine the location and 
size of cavities, when they are near the surface, the speaking 
or whispering voice being readily transmitted through them. 
All these signs are best obtsiined w'hen the chest and back are 
bare, a light fabric, a handkerchief, for instance, being alone 
interposed between the examiner’s car and the patient. 

Finally ^the patient reaches the last stages of marasmus. 
Certain signs are apt to appear when the end is approaching, 
viz., thrusliAWa areas in the mouth and soft palate, which are 
in reality patches of tissue that are no longer the seat of active 
metabolism; purpura, due to breaking down of the cutaneous 
capillaries, and other manifestations of inhibited nutrition.* 
The disappearance of suffering incident upon this fact causes 
the patient during the last days of his illness to expect an early 
recovery, and some pass away cherishing this hope. 

The wide Ihiciiiations of fever are cHpeeially met in children. Thus 
Adams®* states that in some the tem])eratnre may reach lOS® K. (42.2° 
C.) and drop in a few honra to 9.5° F. (35° C.) without apparent effect 
upon the <diild. lie has seen children eating the evening meal with 
relish, in spite of a rectal t<*nipcraturc of 109° F. to 107° F. (41.1° (\ 
to 41.0° 0.). Striimpclh*’'* placea the average hectic fever lluctuation from 
101.3® to 104° F. (38.5° C. to 40°C.). The rrde of pyogimic organisms 
in its production is generally recognized, and has been emphasized by 
Karl von lluck.®® This would seem to be antagonized by experiments 
in vitro, but Bernheim"^ has shown that the experimental (direct) 
antagonism between the tubercle bacillus and the pyogenic organisms 
does not prevail in the body and that the latU*r complicate the tubercu- 
lous process. 

The presence of phosphates in the sputum of tuberculosis, espe- 
cially when, as in the third stage, the tubercle bacdlli are present in 
large quantities, has long been known, although the cause of this phe- 
nomenon has remained unexplained. Thus, C. .T. II. V'illiams,®^ twenty 
years ago, stated, referring to the expectoration during the stage of 
excavation, that its pus contains “a large ])roportion of phosphates.” 
Dubief, in Debove and Achard’s treatise,"® also says that the expectora- 
tion contains “phosphates in abundance.” This may be due to the 
sodium phosphate of the blood or to the formation of this com])ound 
by the cellular nuclein, but it is not characteristic of other diseases in 
which the expectoration is profuse, catarrhal bronchitis, bronchorrhopa 
and kindred disorders, while it coincides with the results to be expected 
from the rapid proliferation of tubercle bacilli, the ashes of which show 
60.9 per cent, of phosphorus (dc Schweinilz). 

• Author's conclusion. 
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The failure of the adrenal system when the disease is advanced is 
shown by various stages of melanosis. Hronzing, varying from small 
melanodermic spots to large ])atches identical with those witnessed in 
Addison’s disease, was found in 7 cases out of 24 by Laflitte and 
Alone*iny,^“ and in 12 cases out of 00 by Laignel-Lavastine'^^ — all condi- 
tions siich as freckles, friction stsiins, pytiriasis, lentigo, acanthosis 
nigricans, luevi, etc., being carefully eliminated. A similar pigmenta- 
tion of the liver and s])leen and tdher organs was reported by Wein- 
burg,'- in a case of tuberculosis. This observation recalls the finding 
of promiscuously distributed pigment, by Hoinct,"'' in all of 20 rats in 
which he had cause<l lesions of the adnmals; the pigment had also 
permeate<l the subcutaneous cellular tissue, and proved to be identical 
with that found in Addison’s disease. This applies likewise to the 
thyroid. IMaeaggi'^ found experimentally that in subacute and chronic 
tuberculous intoxication, the secretion of colloid was reduced and that 
the organ’s epithelium became atrophied. 

Etiology and Pathogenesis. — Tlic predisposing cause of 
tuberculosis is a deficient functional activity of the adrenal 
system wliieli may be inherited or acquired.* In the latter case, 
disease or hypof unction of either of the organs of the adnmal 
system (the thyroid, the anterior pituitary body, including the 
test-organ, the adreno-tliyroid and tlie adrenals) may be caused 
by infectious diseases, starvation, overwork, insnllicient oxy- 
genation and otlier factors which either exhaust thesis organs 
l)y imposing excessive activity iiiion tliem, or greatly lower 
their nutrition.* 

As Ccrmaiii Sec says, *q)rcdis])Osition is a word employed to 
cover ,our ignorance” — an inevitable conclusion in the absence of an 
organ or set of organs whose mission is to govern th(‘ vital processes 
of the body at larger — the rCde of the adrenal systeiii. Tnde(*d, tho 
stigmata in such subjects clearly point to debilitated respiratory func- 
tions — both as to the lungs and tissues — the domain of this system. 
The tiat, narrow chest and drooping shoulders, th(‘ winged scapuhe, obvi- 
ously constitute an iiu'dicient respiratory nu'chanism as illy nourished 
as is the rest of the slender figure; the jiallor, the cold extremities, the 
sensitiveness lo cold all point to inadequate oxygenation. ft is this 
depravity of the adrenal system which alone, in my opinion, is in- 
luuited, and not the disease itself. This is quite in accord with the 
teachings of modern research; Senator’® recently wrote, ref(*rring to 
tuberculosis: “In any event, a decisive rrde in determining the march 
and distribution of the scourge can never be attributed to hereditary 
])redisposition.” 

The underlying ’cause of predis])osition is dis(‘los(>d, however, by 
the mutual relationship of certain diseases and the inflmmcH* of hypo- 
function of one of the organs of the adrenal ayatein, the thyroid gland, 
on infection. 
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The pr 

phaaiz(‘d by llocdor Mackenzie, Lancereaux,” Moniiier* aiul many others. 
Osler^® holda that “chronic drinkers are much more liable to both acute 
and pulmonary tuberculosis.” He believes that “it is probably alto- 
gether a question of altered tissue-soil, the alcohol lowering the vitality 
and enabling the bacilli more readily to develop and grow.” Sims Wood- 
head,'"’ Abbott and other bacteriologists have, in fact, demonstrated that 
alcohol predisposes to specific infectious diseases. Mays’*^ and Kelynack’'- 
have shown that this aipplics as well to the tubercle bacillus. Among the 
cases reported by the last-named observer were 10 of alcoholic neuritis, 
8 of which were subjects of pulmonary tuberculosis. As 1 have shown, 
alcohol reduces the adrenoxidase of the blood -stream and correspondingly 
inhibits the blood’s vitalizing properties, ’riie functional activity of the 
adrenal center bc*ing impaired as well as that of all other organs, it fails 
to respond actively to the stimulating iiillueicc of the bacterial toxins, 
and therefon; to protect the organism adequately. That sucli is the 
case is shown by the fact that wlien the thyroid, whose secretion, as I 
have shown, uphohls the activity of the adrenal ct‘nt(*r, is itsedf hypo- 
active, as in myxa'dema, a marked predisposition exists. Thus, as 
stated by T.iOraml,*'* “in niyxa*denia (athyroidea ) tuberculosis appears 
frequently,” as shown by (IrocnfieUP and Hyroni liramwell “while,” 
according to Uell,''^ “tuberculosis is very frequent in families of myxtede- 
nuitous persons.’* 

The inllueiicc of such a condition of the adrenal system is shown 
by the readiness with which a patitmt succumbs to tulMU’culosis when 
syphilis, a diseas(^ whose debilitating inlluence is doubted by no one, 
precedes the tuberculous inf(‘ction. Niemeycr long ago taught that “the 
greatest danger for a syphilitic was to become tul)erculous.” Landouzy 
likewise emi)liasized this fact by the statement: “The worst combina- 
tion r know of is that of pulmonary tuberculosis with primary syphilis.” 
Jacquinet,’’'' who refers to these and other authorities, reportcul 8 cases 
in which the two diseases were present, in all of which death occurred 
very rapidly, one patient indeed dying a few weeks after the onset of 
the tuberculous process. As 1 interpret these results, tin* adrenal system, 
already semi-])aralyzed by the syphilitic virus, prom|)tly yields when 
another depressant is superadded. Jlerbrn't,'*'' in fact, recognizes a cer- 
tain analogy lietween the ])rimary and secondary stages of tuberculosis 
on the one hand, and sy])hilis on the other. Lorand states, moreover, 
that “PerramkV’'’ has found degeneration of the thyroid in the fietus 
from parents with cachectic diseasj*, especially syphilis.” Gamier''’ has 
also found that “the thyroid in heretlitary syphilis is degenerated and 
contains no colloi<l substance.” As I pointed out in the first volume, 
it is this identical substance which, owing to its iodothyrin, upholds 
the activity of the adrenal center of the anterior pituitary to its 
normal level, t.c., physiological standard. 

'‘® Hector Mackenzie: Brit. Med. .Tour., Feb. 127, 1802. 

Lancerenux: Rovuo gen. do din. et de ther., vol. x, p. 47, 1895. 

Monnier: Gaz. iiiOdicale de Nantea, Nov. 12, 1895. 

’•Osier: ‘Tract, of Med.,” third edition, p. .182, 1898. 

Sims Woodhoad: Brit. Mod. Jour., July 12, 1901. 

Maya: “Pulmonary Consumption,” p. 61, 1901. 

••Kelynack: Edinburgh Med. Jour., Sept., 1901. 

•• Cf. vol. 1, p. ll.") and 165 ft scij. 

Lorand: Trans. Pathol. Soe. of London, vol. Ivll, p. 1, 1906. 

Greenfield: Cited by Ewnld: Nothnagpra “Handbook,” p. 159, 1904. 

*•" Byrom Bramwell: Ihiit. 

•’Pell: Volkinann’a Sainrnliing klin. Vortriige (Tiin. Med.), Nu. 96, S. 255, 
1895. 

•• Jncquinct: Presso modlcale, vol. ii, p. 211, 1S95. 

••Herbert: Med. News, Sept. 8. 1900. 

•• Perrando: “Sulla struttura dclLi Teroide,” 1900. 

w Gamier; Tbdse de Paris, 1899. 



1630 INTERNAL SECRETIONS IN PATHOGENESIS AND TREATMENT. 


This applies to all agencies that are capable of debilitating the 
adrenal system: starvation, overwork, insiilficient oxygenation, infec- 
tious diseases, etc. “It has ' been found by several authors,” writes 
Ijorand, “that animals whose thyroid has been extirpated easily fall 
victims to infective processes.” The great part taken by the thyroid 
in infections is shown by the researches of Bayoti, of Wurzburg, and 
do Quervain, which establish the fact that in all grave infectious dis- 
eases, the thyroid is in the condition termed by them “thyroiditis sim- 
plex’^ without any secretion. Roger and (jarnier"* had found pre- 
viously to the former authors, “a hypersecretion of colloid in the thyroid 
in infectious diseases which after some time may be followed by ex- 
haustion of the gland.” 

All this applies as Avell to the pituitary body. Oarnier and 
Thaoii,’’^ in a systtuiiatic study of this organ iii tuberculosis, based on 
]H cases, found invariably areas of sclerosis in the ])arcnchyina in 
chronic cases, “the gland appearing, less active tiian normally.” In a 
more recfent study based on a larg.'r number of cases, Thaon”'’’ conlinmMl 
these observations. 

Kxhaustion of the gland here means cessation of the stimulus 
upon which the adrenal center depends for the preservation of its 
sensitiveness to poisons that appear in the blood. If it fails to receive 
this stimulus owing to a corresponding deiect in the parents, the “pre- 
disposition” to tuberculosis — or any other disease — is inherited; if* the 
deficiency of stimulus occurs as a result of diseases which have ex- 
hausted the thyroid or caused lesions either in the test-organ or in the 
posterior pituitary, the seat of the adrenal center, or in the adrenals 
themselves, we have the “acquired” predisposition. In whichever dir(!c- 
tion w'c scrutinize the (piestion, therefore, we arc ultimatedy brought to 
the conclusion that the pr(>disposing cause of tuberculosis is dclicicnt 
functional activity of the adrenal system. 

In predisposed subjects the fluids of tlio ))ody at large, 
including the secretions of the mucous menibrancs of the respir- 
atory and digestive tracts, are defleient iu auto-antitoxin and 
phagocytic leucocytes, the agents wliicli under normal condi- 
tions destroy the tulx^rele bacilli and other germs that gain 
access to these fluids.* AVhen tubercle l)acilli are inhaled, the 
body^s first line of defense, the anterior nasal cavities are not 
provided with mucus adequately supplied with tliese bacteriolytic 
agents. As these pathogenic germs can, under such circum- 
stances, penetrate the nasal mucosa itself and enter the lym- 
phatic system, infection may occur irrespective of any contami- 
nation through the lungs. It does not occur, however, if the 
adrenal system is fully active.* 

Thn postulate of Koch that tiibereulosis is caused by the inhalation 
of dried sputum, whieh met its eonelusive proof in the studies of ("ornet, 
has stood the test of time, though his opinion that this was the exelu- 
sive mode of infeedion has not. The manner in whieh dust may convey 
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the disease may bo illustrated by one of Cornet’s more recent experi- 
ments."® Forty-eight guinea-pigs were placed in a room covered by an 
old carpet over which dried tubercular sputum mixed with dust had 
been spread, and the carpet was swept on four diiferent occasions. The 
animals were killed after a time and 47 out of the 48 were found in an 
advanced state of tuberculosis of the lungs and bronchial glands. The 
same year (1888) that Cornet conducted his earlier experiments, Flick"^ 
showed that tuberculosis was especially prevalent in dwellings in which 
the disease had once occurred, 88 per cent of the infected lumses having 
had more than one case and some houses showing eight deaths (in one 
instance, thirteen) in the course of 25 years, though in the great major- 
ity of instances different families had dwelt in them. The area of 
Philadelphia studied included alsmt 50 blocks of houses. 

Yet in the human subject, Strauss'”* found purulent tubercle 
bacilli in the nasal secretions of 1) persons out of 20 examined, 0 of the 0 
contaminated being hospital attendants. All were in excellent health. 
N. W. Jones"® obtained 8 positive results from inoculations from 81 
persons. I’ollock"" conducted a coinpr(‘hensive stuily of tin* effecds on 
the physicians and attendants of llrompton Hospital for (.’onsumptives, 
covering a period of 84 j’ears. It revealed no noticeable^ difference from 
the ratio of the disease among outsiders. There were no (heaths from 
phthisis among the maids who swept and cleaned the floors several hours 
daily; of 101 nurses, I had phthisis in the hospital, 8 after Icaiving the 
hospital. Kvidently the greater precautions taken in such institutions 
account partly for this showing, for in barracks, prisons, etc., the inci- 
dence of contamination is much larg<‘r. Still, why do not all soldiers, 
prisoners and ])articularly the hos])ital attendants whose nasal cavi- 
ties contain virulent bacilli aecpiirc the disease? It is here that the 
physiological clficiency of the adrenal system (lomes in: All functions 
are performed with adequate energy. 

How is this auto- protective function carried on, on the surface of 
mucous membranes? 

If, as r hold, the phosphorus in the tubercle bacillus is the real 
pathogenic agent, two inodes of action should be discernible: ^ one by 
the living bacteria, causing no particular local reaction, another by 
the dead giu'ins, causing a local inflaniinatory reaction. Cornet*"* says: 
“When tubercle bacilli are gently rubbed into the nasal mucosa, no 
change occurs if care be taken not to injure the mucosa ; in other cases, 
inllainmation, reddening and ulceration shortly make their appearance.” 
Since general infection occurs under thf*se conditions, it can only be 
ascribed to living organisms absorbed, the local lesion bcifig due to dead 
bacteria disintegrated during the procedure. That there is a solid 
foundation for this conclusion is showm by Cornet’s statement'"''* that 
“the dead forms excrci.se a more rapid and intense action, by means of 
the diffusion of their chemical matters, than do the live organisms with 
their slow process of proliferation.” It is ydain, however, that we can- 
not ascribe the resulting infection of the cervical and bronchial glands 
and of the lungs and spleen to which Cornet refers (especially the 
enormous multiplication of bacteria which this represents), to the 
chemical constituents of these organisms, which — interpreted from my 
viewpoint — caused the local inflammation, but to those which did not. 
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Indeed, that living tubercle bacilli can penetrate mucous membranes is 
well known. 

The nasal mucous membrane affonls considerable protection against 
infection. According to Wurtz and Lerinoyez,***® the nasal mucus is 
endowed with antiseptic properties, but researches by Park and Wright,^*^ 
Liaras'"® and others did not substantiate this claim. H. Jj. Wagner,"*® 
however, found that, in accord with Buchner, Kossel and others, leuco- 
cytes produced a substance in the nasal secretions which possessed gerrn- 
dcstroying power. This substance, an enzjmie, according to Wagner, 
does not necessarily kill the germs, but it diminishes their activity, and 
they are thus readily swept away by the secretions. This dual action 
prevents their penetration into the mucous membrane*, and infection. 
The substance referred to is evidently the auto-antitoxin we have iru’t 
everywhere. Piag<‘t"*' found, moreover, that phagocytes took ])art in 
the process, while St. riair Thomson and Hewlett'"** emphasized the fact 
that while the viscid mucus prevents the development of the bacilli, 
the ciliated epithelium promptly secures their expulsion. “The more 
active the se<;retion of mucus,” writes (*ornet, “and the more swift the 
current, the juore rapi<lly is the bacillus eliminated.” 

When the hihercle bacilli rcaeli beyond the anterior nasal 
cavities they arc exposed to destruction by the baeteriolytic 
action of nuiciis and pliagocytes ol* the pharyngeal tonsil in the 
naso-pharyngeal vault and the faucial tonsils. They penetrate 
the cry})ts of those organs and it is on reaoliing their epithelial 
layer to enter the underlying tissues that they arc tlisintegrated. 
In predisposed, i.e., debilitated subjects, the protective agents — 
the baeteriolytic phagoeytes and endogenous antitoxin — are in- 
etlieient, and the tul)erelc bacilli being allowed to penetrate to 
tlie tonsillar lyinphaties, infection occurs. 

In some eases the quantity of tubercle bacilli destroyed in 
the pharyngeal and faucial tonsils is so great that the dead 
bacilli, owing to the quantity of phosphorus liberated,* pro- 
voke local tuberculosis. 

Behind tho nasal cavities, i.e., in the naso-pharyiix «nd pharynx, 
the defensive nKU'hanism is of another order. St. (Uair Thomson, in 
painstaking studies of the subject, collect<'d 1427 reported cases of naso- 
pharyngeal adenoids in wliich the reporters, including Lermoyez, (Jott- 
stein, McBride, Moure, Pilliet, rornil and other autlioritic.s had exam- 
ined the growths microscopically. Histological evidences of a local 
tuberculous process were present in 75 instances, i.e., in 5.2 per cent. 
In another aeries of 4115 specimens examined by Hourc, Broca, Hugh 
Walsham and Jonathan Wright, referred to by St. Clair Thomson, no 
evidence of hwal tuberculosis was found. This reduces the average to 
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4 per cent., but it docH not disprove tlie fjif?t that these growths arc 
penetrated by bacilli. Indeed, Milligan and Dieulafoy found that 18.2 
per cent, of adenoids were capable of causing infection when inoculated 
into animals, while Jirieger found histological lesions in 5 out of 78 
cases, and obtained one positive inoculation, though no tubercle bacilli 
could he found cither on the surface or in the crypts. This appears 
paradoxical, but it is readily explained when the numerous phagocytes 
which such growths eontaiu are taken into account. The successful 
inoculations are due to the presence of living, i.r., undigested, tubercle 
bacilli derived from these protective cells, and the lesions — interpreted 
from my standpoint — to the phosphorus of the dead bacdlli. This sug- 
gests that infection through the adenoid tissue of the pharyngt^al vault 
is prevented by phagocytes. That such is the case is shown by the 
rrde of these cells in the tonsils, which are structurally similar. Rocfcnt 
investigations indicate, moreover, that in these lymphoid tissues, the 
endogenous antitoxin exercises its bacteriolytic action as cv<*rywhero 
else in the organism. 

doodalc'"’ found experimentally that fondgn substances were 
ingi'sted by polynuclear leucocytes in ami adjoining the tonsillar mu- 
cous membrane, and that while bacteria are found in the crypts they 
are absent beyond the mucous layer, thus suggesting that “at the 
moment of on tiering,” the bacteria “emounter conditions which terminate 
their existence.’* Kayser"*- also observed a d«‘fi*nsive cellular process 
between the e[)ithelial layers and the tonsillar tissues and that very little 
dust reached the trachea. Jonathan Wright"- discerned an additional 
feature in the process, however: that pathogenic germs which penetrated 
the tonsillar crypts could exercise a property, recently defincMl by 
Pfciirer, Ilordet and others, viz., that of provoking in the tissues with 
which they come into contact, and by means of a constituent entering 
into their own composition or “endotoxin,” the formation of a bacterio- 
lysiii of which they, the pathogenic bacteria, wen^ th(*ms(‘lves the vic- 
tims. We have here, tluirefore, as elsewhere, not only phagocytic protec- 
tion, but a fluid capable of disintegrating tlie tubercle bacilli. 

If this dual protective process ])revails in the post(*rior nasal, or 
pliaryngeal, tonsil as well as in the faucial tonsils, the disintegration of 
the tubercle bacilli should, at least sometimes, ])rovoke local tuberculo- 
sis. Dieulafoy"* considers that “primary tuberculosis of the pharyn- 
geal tonsil occurs with about doubh* the frequency of that of the faucial 
tonsils.” Cases of primary tuberculosis of the latter hav(^ been reported 
by Schlenker,'^* Kruckrnann, Schreibiicr,"* Orth,"" Stewart,"^ and many 
others. The tonsils arc also frequently invi»lved in pulmonary tubercu- 
losis. 

The protective idle carried on by these lymplioid organs is illus- 
trated by the fact that Latham,"'* by iiioculaling into animals the cen- 
tral ])ortions of hypertrophied tonsils, rmnov al from 45 otherwise nor- 
mal children, obtained 7 positive results. Again, in 10 instances out 
of an aggregate of lUl cases, adenoid vegetations, removed from other- 
wise healthy children by Lermoyez,"" Oottstein,^^® Brindel,’-^ and Pluder 
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and Fischer,*"^ provoked tiibcrculosia in animals, the children had all 
lived with tuberculous })arcnts. 

When the nose alone is used in breathing, the air, on reach- 
ing the larynx, is practically free of bacteria; breathing 
throiigli the niontli, however, deprives the larynx of the protec- 
tion alFordcd by the nasal passages and tuberculosis of the 
larynx may be engendered by tubercle bacilli inlialed with the 
dust. This oci'urs very rarely, however. 1'he organ is pro- 
tected, when foreign substances reach it, as are the anterior 
nasal cavities, l)y a co])ious sui)ply of mucus derived mainly 
froin the ventricles of JMorgagni, the scjcretion being directed 
outward, ix., towards the (eso])hagus. In almost all cases, how- 
ever, tuberculosis of the larynx occurs as a complication of 
pul m o n a ry tul)e rc u los i s. 

Whether primary or secondary, the initial cause of tuber- 
culosis of the larynx is deficient nutrition of its tissues which 
exists throughout the entire organism, owing to depravity of 
the adrenal system.* ^rhe fluids, lymph, blood and secretions 
of these tissues being- deficient in bacteriolytic activity, the 
tubercle bacilli not only penetrate tlic lining epithelium, but 
being met therein by phagocytes inefficient themselves as bac- 
teriolytic ag(mts, they multiply in the laryngeal lymphatics and 
start a local tubercular f)rocess. The lesions caused by inhaled 
bacilli usually begin in the portions of the larynx most exposed 
to the inspiratory current, the tissues overlying the arytenoid 
cartilages and the posterior and upper surface of the epiglot- 
tis. When a laryngeal tuberculosis occurs as a complication of 
pulmonary tuberculosis, the tissues of the interaryterioid space, 
which extend over the arytenoid cartilages, arc usually the first 
affected, the bacilli under these conditions being derived from 
the sputum, which the tracheal ciliated epithelium j)ropels 
upward. 

When voided from the larynx by coughing or hawking, the 
pulmonary discharges are cither expectorated or swallowed, thus 
exposing, in the latter case, the gastro-intcstinal tract to in- 
fection. 

Tlio pallor of the laryii^oal tissiioa and of tlin adjoining tisHUos 
iialioatoH that deficient nutrition prevails hero as elsewliore. A curious 
feature of the treatment of laryngeal tuberc'ulosis points in the same 
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direction, viz., that irritation, mechanical or chemical, is beneficial: 
Thus the bcneliciul ell'ects of lactic acid are greatly enhanced if, while 
applying it, the mucous iiieinbraiic is rubbed. The hypera;mia pro- 
duced with its attendant Icucocytosis is obviously the main beneficial 
agent, the lactic acid aiding by destroying what bacilli it reacdies. 

Cases of primary tuberculosis of the larynx have been rej)orted 
by E. Fraenkel, Trifiletti,^^ J. Solis Cohen'-^ and many other observers 
since. Jn some of these instances careful examination of the lungs 
showed that they Were normal. Such iiistanc(‘s are rare in comparison 
to the laryngeal tuberculosis that accompanies pulmonary tuberculosis, 
and which occurs in about .*15 per cent, of all cases. The opinion that 
infection by the sputum can occur is disputiul by stmie, but as Ojrnet'"* 
says, “The theory of certain authors that laryngeal tubiu'culosis is not 
due to contact of the mucous membrane with the sputum, but is, as a 
rule, hematogenous in fact, lacks all foundation in fact.” 

Tlio liuman gastric juice does uot destroy iul)erclc bacilli 
ingested with (iontaininatcd milk, meats or other foods. When 
the germs rea(*h the intestine, however, they arc sul)jeeted to the 
proteolytic action of the auto-antitoxin in the succus entericus, 
before being ingested by the digestive leucocytes.* lu vulner- 
able, i,e., debilitated subjects, the sueeus entericus is insulli- 
eiently active to alfeet the virulence of the bacilli; tliey not 
only penetrate freely the intestinal epithelium to the lymphatics 
under these (fonditions, but they are ingested living by tlie 
digestive leucocytes.* ^.riie proteolytic activity of these cells 
being also impaired in vulnerable individuals, they arc unable 
to digest all the bacilli ingested by them with food-stuffs in the 
intestinal canal, and thus distribute living tubercle bacilli 
germs throughout the (?ntire body, including the lungs. Cen- 
eral infection can thus occur, through the intestinal (*anal, from 
two directions: (1) direct penetration of the germs ’th rough 
the intestinal \valls, (2) through the intermediary of the diges- 
tive leucocytes.* 

Wosonor^"" and otbora liaA’c* contended tliat the gsistric jnioe. could 
destroy tnberele bacdlli, but the investigations of Krank,’” Fiseher,*^ 
Straus and Wiirtz,’^® and Cadeac and Bournay'"” liav«‘ shown that such 
W'aa not the case, while Lukasiewicz''’^ suggested that the a(?tivity of the 
juice had some inllueiice on the result, since the feeding of tnhcreiilous 
meat from the one animal to dogs and eats would infect the latter, but 
not the former. The <*x|)(*riments of ("arriere'” showed conclusiA’ely, 
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however, that human gastric juice sometimes attenuated tlie bacilli, but 
failed to kill them. SabrazOs* had previously suggested that the greater 
part of the elements which constitute the tubercle bacillus were not, 
as in the case of cellulose and nuclein, susceptible to digestion. He found 
that it took 3(5 hours’ immersion in gastric juice to deprive the germs 
of their vitality. 

This accounts for the frequency of infection by way of the intestine, 
which, according to Macfadycn and AracC’onkey,'®* is more bnportant in 
this particular ns regsirds tuberculosis than the tonsils or adenoid 
growths. T\lebs’^‘ considtu’s it the chief avenue of inf(*ction, while 
Hehring’-'*® has long held that in the young “the origin of epidemic pul- 
monary tuberculosis in man and the epizootic pulmonary tuberculosis 
in cattle, is through an intestinal route.” A large number of cases 
in which fatal infe(?tion by milk had bec*n clearly traced to tuberculous 
cows have been reported by Oliver, Stan, 7,'” Dtunme,’'*'* Hills,^"" Krnst,’^" 
Stalker and Niles, IjeonharV^- Sontag,'*-* Hermsdorf,'^* Uich,'^® 
Thorne,'^® all selected from literature with the greatest c?are by Professor 
Rep[),'” of the veterinary departiiient of the Iowa State College, who 
holds with Theobald Smith,"'* Pearson"" and Dinwiddie*'^ and others, 
that the bovine tubercle bacillus is distinctly more virulent for the 
species of animals thus far experimented upon than is the human 
bacillus. 

Having pointed oiit'®^ that the intestinal food- products are taken 
up by the <ligestive leucocytes and converted by them into tissue* ele- 
ments, I held’’’- that these cells were the normal agents of infection, and 
that when they failed to destroy the germ, living tubercle bacilli could be 
carried from tlm intestine to the lungs as avcM as to other organs. Sims 
Wobdhead’“ says that: “\\'hen the tubercle bacillus is carried into the 
alimentary canal by the saliva, by fwd-stuH’s, etc., it is rendered in- 
nocuous in more ways <han one; but perhaps the most eirectual way is 
by its being taken into the substance of lymphocytes which make their 
way out and in from the lymphoid patches, and which have the ])ower 
of taking into their substinice the tubercle bacilli. These lymphocytes 
return with their evil burden to the lymph-glands, and the glands assist 
in the complete destruction of the bacilli.” rornet''** also says in this 
connection: “'riie bacillus has the ]>ower to penetrate not only tin* 
intact epithelium (Haumgarten, ]>)kroklouski, and Tschistowitsch ) , but 
also thq entire wall of the gut, and to find its way along the lymph- 
channels to the mesenterie glands, wdicre it first begins its actual career 
(Orth, Wesener and the author). This it accom|dishcs partly by 
mechanical means, partly by the aid of the u'amleriny evils, and all witli- 
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out leaving behind a recognizable trace of it.s passage.” Petruschky^“ 
was also led to conclude Unit it was tlirough IvucovytvH that tlie bronchial 
glands were invaded. 

The importance of the intestinal auto-antitoxin in this connection 
is self-evident. In other words, the power of the intestinal juices to 
kill the tubercle bacilli (thus arresting their power to proliferate) is 
comineiisiirate witli the proportion of auto-antitoxin secreted into tlie 
intestine. As this d(‘p nds upon the functional ellieiency of the adrenal 
system, it is evident that hypofunetion of this .system predisposes the 
body at large to infection. Such a condition also involves general hypo- 
nutrition. As Sims \Voodhcad‘““ says: “Jf the tissues be so weakened 
that their power of resistance can be readily overcome by comparatively 
fc‘w micro-organisms then infection will probably follow.” This “power 
of resistance” means, from my .standpoint, sunieieiitly active auto-anti- 
toxin in all parts of the body to kill germs, i.c., to paralyze their repro- 
ductive activity — the gr(*at initial danger in tuberculosis. 

Tlic lungs are mainly infected Ijy tubeivle bacilli wliicli 
reach them, (1) with tlic air tlnmigh tbc resjiiratory tract, (2) 
by pbagocytes and lymph derived from the lymphatic supply of 
tbe naso-pbaryngcal mucous membrane and lymphoid tissue, (3) 
l)y iibagocytes and lymph derived from the lyiujihatic supidy of 
tbe intestine. 

(1) '^^rhe entire lironehial tract is kept free of bacilli when 
the quantity inhaled is not excessive, liy ibe ciliated epithelium 
which propels a current of mucus towards the trachea whence 
it is eliminated by way of the larynx. What organisms fail to 
come into contact with mucus of the epithelium (owing to their 
■|)Ositioii in the middle of tlie air-stream) however, may reach 
not only the terminal bronchioles, but also tbe alveoli or air- 
cells which arc not provided with ciliated epithelium. Ileri', 
iliey are met by jihagoeytes and auto-antitoxin, and if these 
liacteriolytic agents are sulTiciently active,* the germs an* 
promptly destroyed ; if not,* the bacilli penetrale the alveolar 
s(‘pta, jiroliferate therein, and initiate tbe process of tuliercle 
formation jirevioiisly (l(*seril)ed. 

(3) Infection of the lungs through the lymphatic system 
may be provoked by tubercle bacilli which have penetrated the 
e])ithelium of the nasal mucosa, or invaded tbe tissues proper 
of the pharyngeal or faucial tonsils owing to deficient bacterio- 
lytic activity of the phagocyte's of these organs. Once in the 
lymphatics adjoining the hitler, tlie bacilli can jiroliferate 
freely since lymph is poor in all three of the constituents of 
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aulo-aiititoxin, and especially in adrenoxidase because of the 
absence of red corpuscles.* They invade in turn all tlie lym- 
phatic glands of the neck down to the upper part of the tliorax 
and thence the broncliial glands. As the lymph of these glands 
ultimately readies the right and left lynqdiatic ducts to be 
poured into the subclavian veins, and thence into.tlie superior 
vena cava and the right heart, it limilly reaches all parts of the 
lungs. Having multiplied in an excellent culture-fluid, the 
lymph, the tubercle bacilli are thus transported by venous 
blood — in which they sufl'er no injury — to all the pulmonary 
alveoli.* 

(3.) Infection of the lungs through lymphatic paths may 
also occur by tubercle bacilli derived from the intestinal canal, 
i.e,y with the leucocytes and fats that enter the hudeals and soon 
thereafter the thoracic; duct. With the chyle of the latter these 
tubercle bacilli are also transported to the subclavian vein and 
thence to the superior vena cava and the right heart, whence 
they are distributed with the venous blood to all the pulmonary 
alveoli.* 

Tlic view that iiifeotion occurs through inhalation is the pre- 
vailing one and is iirgc<l by ('Ornct, who adduces tin? cvichmco afforded 
by tlie access of coal dust (in miners) and kindred substances to the 
alveoli thcms(dves, though the coal-particles progressively decrc‘ase as 
these cavities are readied. “The ciliated epithelium, wliich is a powerful 
aid in removing foreign bodies, is absent in the alveoli,” says this 
autbor, “so that these latter form a sort of storeliouse for the dust 
particles” — and therefore, for what tubercle bacilli happen to be in the 
dust. 

'Hie opposite doctrine, tliat the bacilli reach the lungs through the 
lymphatics, has not gained support because it involved tlie conclusion that 
tlic germs and the phagocytes containing them had to travel against 
the lymph current from the bronchial glands to the pulmonary tissu(?s, — 
a dubious proposition. Dy the normal paths 1 submit in the text, how- 
ever, the lyniphatic channels are not only in direct coiinnunication with 
the alveoli, but the germs or pliagocytes containing llieiii follciw the 
direction of the streams to the latter, from beginiiig to end, and laud, 
uiiliarmed, precisely when* the tubercles are found, the extt*rnal aspect 
of the alveolar walls, and the partitions between the alveolar n*eesses. 

Viewed in this light, infection through the lymphatics, whether the 
bacilli enter the body by the respiratory or inti'stinal tracts, assumes 
a leading position in the pathogenesis of the disease. Toniet overlooks 
the fact that miners, stone-cutters, etc., work yisir after year in an atmos- 
phere literally befogged with dust, and that under such conditions tho 
penetration of particles to the alveoli is not surprising. ;\ sound com- 
parison could only he established if dust composed entirely of tubercle 
bacilli were also inhaled during correspondingly prolonged periods. The 
first condition is seldom if ever satisfied; the second, therefore, loses 
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all weight. St. Chiir Thomson'^ contends that “all our knowledge of 
physiology and all the laws of probability are opposed to the possibility 
of a germ successfully running the gauntlet of the intricacies of the 
upper air tract, the mucus spnuid out for it to adhere to, the phagocytes 
in readiness to slay it ainl the waving armi»?s of ciliated epithelium in 
constant action to expel it.” Nor aire tubercle bacnlli ubiquitous hosts 
of the respinitory tract ais is the pneumococcus. Both Beco'-’* and Boni'“® 
found that although the latter and many other orgiinisms were pressent 
in normal lungs, the tubercle bacillus wais never present. It must, there- 
fore, be wafted directly from the externail aiir to the alveoli to cause infec- 
tion, without once coining into contact with bronchial walls which when 
the terminal bronchioles aire reached are but three to four-tenths of a 
millimeter apart! It is self-evident that the number of germs that reach 
the alveoli directly under such conditions must be so small that even 
the local defenses of a weakling suirice to annihilate them. 

The lymphatic path from the naso- pharyngeal mucosa and the 
pharyngeal and faucial tonsils to the bronchial glands is familiar to 
every one. The path thence by way of tin* subclavian, the superior vena 
cava and the heart, to which I refer, is in accord with elementary 
anatomical knowledge, 'riiis applies likewise? to the* connection between 
the intestines and the thoracic duct. It remains to be shown, however, 
whether tubercle bacilli can occur in the lymph or c*hyle stream of the 
latter. This was demonstrated recently by Nicolas and Descos,*'’” who 
found tubercle bacilli in the chyle of the thoracic duct after feeding 
dogs with soup to which they had added these germs. 

Treatment. — The iroainiont of tuberculosis involves as a 
general prinniplc the cardinal fact lluit llio endotoxin of the 
specific pathogenic organism, Kocli’s l)acilliis, not only docs not 
provoke (owing to its identity as a normal component part of 
the tissues, pliosphorns) a reaction of tlie adrenal system, but 
that it contains also a poison which def)resses the latter.* Its 
ravages proceed unchecked, unmolested, until a secondary infec- 
tion, exciting the test-organ, counteracts tlui |)aresis |)roduced by 
the tul)(‘rcular poison and enforces, as it were, a reaction of 
the adrenal system -hut too late, unfortunately, to arrest the 
lethal trend.* I'hc indications arc, therefore, to administer, at 
the earliest moment, ertm thoiujh ilie dififfnosis be tinrcrtnin, 
agents which stimulate the test-organ, i.e., the defensive prop- 
erties of the adri’iial system, with suflicient vigor to destroy the 
germ and its (mdotoxin.* 

Thi.s applies of course only to cases in which, unlike the many 
instances referred to in the foregoing pages, spontaneous cure does not 
occur. In these instances (those in which evidence is afforded post- 
mortem that tuberculous lesions have at some tiiiu? existed) the curative 
process is essentially local, t.c., similar to that following burns, injuries, 
etc., and irrespective of any intervention of the adrenal system. 

• 

* An thorns conclusion. 

St. Clair Thomson : hoc. cit. 
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Agents Which Cause the Destruction oe the 
Tubercle Bacillus and its Endotoxin. — The endotoxin of 
the tubercle baciIJns, owing to the pliospliorus it contains, sup- 
plies an active intermediary for the destruction of the germ 
itself when it iienetrates the arterial blood, owing to the pres- 
ence of adrenoxidase in the latter.* The alhnity of phosphorus 
for oxygen being very marked, the germ is at once attacked in 
tin; blood-stream; its main endotoxin is converted cither into 
])hosphoric acid, a benign and climinable product excreted in 
the urine; or, the sodium of the plasma aiding, into sodium 
idiosphate.* '^rubcrcle bacilli are not, therefore, found, as a 
rule, in the blood,* though a protective covering protects them 
to a certain extent even in this highly oxygenized medium. 

Ariiplo ovidonce to tin* offoot that tlio lulH*relt* bacillus is rich in 
luiclco-protoid — a body rich in plios])horus — lias been subiniiled. 

The tubercle bacillus is protected, according to Klirlic'h, by a resist- 
ing cell-ineinbraiie which accounts for its n?sistance to stains. When 
the blood is poor in oxygen, as in pre-agonal states, or when the “vitality’^ 
is very low, as in soiia^ general infections, it can also appear in the blood, 
where it has been fouinl by Wechselbauin, Meisels, J..ustig, llutiineyer, 
Sticker and others.'*"’ That they arc* prc?sent only temporarily, however, 
and only when th(*y suddenly invade the blood in givat numbers, has bcM*n 
emphasized by the scMirching investigations of Jjipari and Lodato,"“ who 
found that the bacillus was in reality present at no stage of the disease 
in this fluid. Nor did they find it in the blood of animals in which 
tubercle bacilli had been injected intravenously. This applies likewise 
to the proliferation of these germs. Cornet,'"" in fact, states that “the 
tub(*rcl(* bacillus is not a blood baeterium and do(*s not grow in thci 
blood.” I’liis attests also to a radi(*al difFereiicc; from v.rtni curporc or 
shed blood whic'h, as shown by Koch, is the best of culture media. 

The fact that the tubercle bacillus is readily destroyed in 
the blood-stri*am proper ac(*.ounts for its Ta])id proliferation 
in the lymphatics, especially in those of the respiratory or 
intestinal tracts, through which infection occurs, since the 
lymph contains no red (?or])uscIes and hut little adrenoxidase.* 

In the treatment of the disease, therefore, an important 
indication besides destruction of the germs is to prevent their 
proliferation in. lymphatic vessels and glands. These two ends 
are met by increasing tlu^' functional activity of the adrenal sys- 
tem, since the resulting inen^ase of adrenoxidase in tlui blood by 
augmenting greatly its oxygenizing power (*auses (1) a direct 
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(lostrucition of the tissue bacilli that arc not encapsulated (in 
tubercles) and liastens local repair; and (2) an increased pro- 
duction of auto-antitoxin, which, owing to the accompanying 
leucocytosis, augments the phagocytic activity not only of the 
blood, but of the lymphatic system.* 

Iodine is an ctficient agent in this connection. Not only 
docs it actively stimulate the test-organ and through it cause 
an increase of adrenoxidase, auto-antitoxin, and tliyroidase in 
the blood and promote leucocytosis (and therefore pliagocytosis), 
but it likewise increases the vulnerability of the bacilli to the 
phagocytes of the blood and lymphatic system by increasing the 
s(msitizing power of the plasma and lymph.* The patiimt should 
be given 5 grains (0.3 gm.) of polassiuni iodide immediately 
after meals, in a glassful of water. In some cases, this sultices to 
develop after a few days a slight febrile reaction, the tempera- 
ture ranging between 100° and 102° F. (37.8° and 38.9° C.), 
with an increase of cough, freer expectoration — the sputa show- 
ing bacilli in soine instaiujcs, although Ihese were absent before 
— and greater distinctness of the physical signs. This indicates 
that the curative process has begun.* If those signs fail to 
appear the dose should be gradually increased by 2 grains (0.13 
gm.) (jvery other day until 10 grains (O.G gin.) arc reached. 
If at this time the reaction does not occur (which is seldom the 
case when no diagnostic error has been made) iodine should in 
addition be introduced cither liy inunction or subcutaneous in- 
jection, Resorting to either of the methods indicated lielow. 

If the remedy is not well borne, or if distinct progress is 
not made, more vigorous drugs, viz., thyroid extract or mer- 
cury, are indicated.* 

Joseph Walsh, of the Pliipps Institute, slates that “the only 
speeifie which has stood the. tesst of time in tuberculosis is iodine.'* 'Fhe 
power of this halojyen to increase fjeneral metabolism lias been reviewcMl 
at length under “Iodine,” to which the reader is referred. That it 
affects pulmonary morbid processes is emphasized by tin* fact tliat in 
dogs, injections of iodine have lM*en found to increase markedly the 
bronchial secretion. Indeed, Sticker and subsequently VetleseiC” found 
that small doses of potassium iodide (one tablespoonful of 1V> per 
cent, solution, t.i.d.) caused the appearance of rAles strictly limited to 
the pulmonary areas where tubercular lesions were likely to appear 
After two or three days the cough is somewhat increased iiiid the expee 
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toration likewise. Out of 27 cases, the 7 that were clearly tubercular 
gave these signs; while the 20 which failed to react in the same way (and 
to the tuberculin test likewise) proved not to be tubercular. E. F. 
Wells"’* conlirined these observations and obttiincd the reaction in two- 
thirds of his cases. 

The use of iodoform in surgical tuberculosis suggested that it might 
also be of value in phthisis. Flick,""* after using this drug and europhen 
in a large number of cases, concluded: (1) That incipient cases can 
almost always be cured by europhen or iodoform inunctions. (2) That 
cases advanced to the breaking down stage may be improved very much 
by this method of treatment and can sometimes be cured. A tablcspoon- 
ful of the following mixture is rubbed into the inside of the thighs and 
arms before retiring at night: Europhen, 1 drachm (4 gin.); oil of 

rose, 1 drop; oil of anise, I drachm (4 gm.) ; olive oil, 2^! ounces (7o 
gm.). Bathing the regions treated with bay-rum on rising eliminates 
all odor. Iodoform has also been rewnnmended by Daremberg, Hansom, 
DeHenzi, Knopf, Foxwell, Russell and others. Flick, however, prefers 
europhen. 

Illustrating more pointedly the elTccts I attribute to the action 
of iodine upon the adrenal system, however, is a paper by (leo. A. Brown*"^ 
who employed a solution composed of precipitated iodoform (96 per cent. 
I.) 100 grains (6.0 gm.); 125 minims (7.7 c.c.) of glycerin; carbolic 
acid 5 minims (0.3 c.c.); boiled distilled water 300 minims (20 c.c.). 
This .solution is sterilized and injected after cleansing the skin and 
freezing it with ethyl chloride. In pulmonary cases 24 minims (1.4 c.c.) 
were injected at intervals varying from two to four weeks, or more 
toward the en<l, but with */4 gr. (0.016 gm.) every four hours during 
the interval and inhalations of iodine. The improvement began from 
the first dose in all of the 14 cases reported, including eases of glandular, 
cutaneous and intestinal tulM*rculosis. The author states that Icucocy- 
tosi-H is produ(*ed, that “the increase corresponds with the iodoform in- 
jected,’* and that it occurs with a rise of temperature. In a chart ho 
also shows a marked rise of urea cxcrvtiouy which corn^sponds with an 
inervase of appetite, and pain of flesh and strength. The curative 
process in a cutaneous tubercle is described as follows: “'fhc'rc is a rise 
of temperature in the first twelve hours, and by twenty-four hours one 
notices a yellow spot in the center of the tubm’cle, and almost complete 
dephdion of the inllainmatory products in the skin around the tubercle. 
The skin becomes soft and pliable. By the end of four days the yellow 
spot becomes a crust, is absorbed or falls out and leaves a small ulcer, 
which soon heals over and eventually bleachi^s out as scar tissue.” 

Iodine is now preferred by most clinicians. It was highly recom- 
mended by Potain, Durante and other hluropean authoriti(‘s, and in this 
country by Ingraham, Knapp, Fleisberg and others. Among the more 
ellicacious methods, those of Mellor Tyson, of Croftaii may be mentioned. 

T. Mellor Tyson"’*' has used, in a large number of cases, at tin? 
Kush Hospital, an iodole com|M)se<l of 20 grains (1.3 gm.) of iodine to 
the ounce of olive oil, one drachm (4 grns.) of which was rubbed into 
the skin three times a day, the do.se being gradually increased to onc- 
luilf ounce l.i.d. The patients also received Van grain (0.0026 gm.) 
strychnine t.i.d., nourishing food and were out-of-doors considerably. 
Tn the advanced ca.ses the improviHnent was only temporary, but in the 
incipient ones it (*ontinued as long as the patients were under observation. 
The improvement covered gtmeral conditions, strength, weight, cough, 

^B. P. Wells: Jour. Amor. Mod. Assoc., Feb. 4, 1899. 

Flick: Ihid., July .31, 1897. 

>®TGoo. A. Brown: Montreal Med. Jour., Apr., 1906. 

T. Mellor Tyson: Jour, of Tuberculosis, Jan., 1901. 
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expectoration, dyspnoea, appetite, and even physical signs. In some of 
the incipient cases tlie cough and expectoration disappeared entirely, 
while in others they diminished gradually; the greatest change in the 
physical signs was a (liminution in intensity in the abnormal breathing 
sounds. The previously harsh bronchial or broncho-vesicular sound 
became soft and the exi)iratory sound seemed to be less marked, llilles 
that were heard over the alfected area seemed to be markedly diminished 
and in some cases to disappear altogether. 

As ("roftan'^"” states, accurate dosage is essential, as large doses 
aggravate while too small doses prove inetficient. In a report of 27 
selected cases, 11) of which had circumscribed areas of infection, treated 
by means of iodipin injections and which gave results “sunicicntly 
striking to warrant an optimistic view” — though not conclusive — pro- 
fuse sweats, some pyrexia, acceleration of the pulse; hypochondria were 
observed in some instances. Beginning with one drop of iodipin dis- 
solved in one-half drachm (2 c.c.) of sterilized oil, one drop was added 
to the dose each day, the dosage being regulated by the effect. As s(M>n 
as improvement became appanmt the dose was continued :i() to (iO days. 
If insuflicient it was increased drop by drop, not exceeding GO minims 
( ' c.c.). Croftan regards incipient tuberculosis one of the moat easily 
cured of bacterial diseases. 

Certain cases, those in which there is nuirkcul pallor of the 
mucous membranes, especially of the soft palate above the uvula, 
patients with auburn hair, or in a wo'rcl, cases in which the vital 
process is markedly hypoactive, are rapidly binielited by thyroid 
extract in 3-grain (0.2 gm.) doses after meals, gradually in- 
creased to 5 grains (0.3 gm.).* Such doses increase the gen- 
eral nutrition, and activate the defensive ])rocess more vigor- 
ously than the preparations of iodine.* Tliyroid extract is also 
indicated when iodine or the iodides arc not well borne by the 
])aticnt.* 

The treatment of tul)erculosis by thyroid extract was employed 
first by myself. In the dose iiientionc^ in the text its use has never 
given rise to untoward effects. In incipient cases, in which the physi- 
cal signs are clearly marked, the benelit is sometimes obtained very 
rapidly. In one of my cases, a tall man weighing 170 pounds, the loss 
of weight, 45 (loiinds in eight months, was at once checked, and in three 
weeks lie had regained 10 poumis. He is now in perfect health and his 
cough has completely disappeared. Thyroid extract is (piite as effective 
in tuberculosis of organs other than the lungs — provided the doses used 
be not too large. It is not indicated in the third stage. 

Klebs”'* used thyroid extract to counteract the achylia gastrica of 
tuberculosis. Not only did it prove effective, but the author cites tw’o 
cases in which “the weight increased markedly as a result of the thyroid.” 
The evidence is all the stronger in that the author did not realize that 
he was benefiting tin* gimeral disease pro])er. We hav(^ seen that Morin 
(181)5) noted atrophy of the thyroid in a large pro])ortion of (‘onsump- 
tives — a fact whi(;h in itself accounts for the beneficial effects I have 
observed. 
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Mercurials, we have seen, arc powerful stimulants of the 
adrenal system, the cllicacy in syphilis being due to this prop- 
erty.* Calomel has been considered by some quite as efficacious 
in tuberculosis as mercurials are in sypliilis. Small tonic doses 
should alone be used and mercurial ism be strictly avoided. The 
hiniodide of mercury, Via grain (0.004 grn.)' three times daily 
is a safer preparation than calomel in this connection and is 
equally elfcetive.* 

Stuart, Shatt\H*k and Howditdi'^*^ coincide in the view that if 
every case of puliiionary tuberculosis were trt‘ated with mercury and 
potassium iodide more mi^lit be cured. Kdelheit**' obtained very favor- 
able results from the use of calomel both in tuberculosis and broncho- 
pneumonia and attributes his results mainly “to the i)roperty calomel 
possesses of stimulating org-anic changes and the vitality of all mucous 
membranes, including those of the respiratory tract.” 'IMie benelicial 
results were especially marked in the chronic; typo, and much less so 
in acute and subacute ca5cs. Jle administers it in pill form: 
3 Calomel, 0.0 gni. (10 grs. ); bccchwood creosote, 2 gins. (30 grs.) ; 
balsam tolu, 0 gnis. (90 grs.) ; extract of calamus and powdered cala- 
mus, of each enough to make 00 pills, 0 of which arc to be taken daily. 
Giampictro^’^^ also reported a number of casc*s ciin*d by calomel, which 
he considers as much of a specific in tuberculosis as it is in syphilis. 
Other clinicians have found mercury of great value in tuberculosis. 
Miquel and KuelT,"* Martell”® and others who obtaimul favorable rc'snlts 
by using it in the form of spray, ascribe the benelit to antisejisis; but 
sprays only reach bacteria that are being eliminated. It was the result 
— interpreted from my standpoint — of stimulation of the adrenal system 
after a suilicient quantity had been absorbed. 

Agents AViircii Enhance the Nutrition and t[ie Pro- 
tective Efficiency of the Lungs. — Crrosole is Ji Vciluablo 
remedy in tlie first and second stages of iiiberciilosis, excepting 
those cases in which tlio astlienia is to any degrecj marked.* In 
therapeutic doses it excihis the t(‘st-organ, tlius increasing the 
volume of auto-antitoxin in the blood, and simultaneously de- 
presses the sympathetic centers.* The arterioles being dilated, 
an excess of blood rich in aiito-antitoxin is admitted into all 
capillaries, including those of the diseased area, and the cura- 
tive process is liashmcd.* Ilic most satisfactory preparation is 
tlie creosote carhonate, which does not distuib the stomach even 
in largo doses, when given during meals — lialf way l)ctween 
soup and d(\ssert — and in capsules, which carry the drug safely. 
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tliougli it is a thick, oily liquid. Beginning with 5 drops three 
times a day, the dose can be increased gradually to 40 drops. 

^.riic benelicial elTect of creosote carbonate is increased and 
any tendency to depnjss is counteracted by giving with each dose 
and in separate capsules, 2 grains (0.16 gm.) of thyroid gland* 
The two agents can also be given to astlienic cases.* The addi- 
tion of the thyroid gland, by increasing the proportion of thy- 
roidase in the blood, also enhances its sensitizing action upon 
the bacteria (as opsonin) — a property which creosote only pro- 
cures when given in very large doses.* 

I showed in tlift a<3(;tion on creosote that it could markedly depress 
both the sympathetic and A’asomotor centers. Tliis, and the fact that the 
prepare tions available are not always pure, accounts for the cases in 
which niitoward elFects have been noted. Stoeik’"'* taught that when it 
caused nausea or vomiting, it would do harm. This is an excellent 
guiding symptom, since it indicates gastric dilation and asthenia; hut 
from my viewpoint this condition indicates that the use of creosote 
should be preceded for a time by a course of thyroid extract or iodine, 
to ov(*rcome the gencual asthenia. After two or three weeks the creo- 
sote is wcdl borne. Since I have used creosote (;arbona’te in the manner 
indicated above, even the largest dose mentioned has never caused the 
least gastric disturbance. Chaumier”’ gave from 10 to 20 gms. j[150 
to 300 minims) daily without causing the least gastric disturbance. 
The true contraindications are marked fever or tendency to n^peated 
liuiinoptysis. 

The great role that creosote plays in the treatment of tuberculosis 
since it was first introduc(*d by Bouchard, in 1S77, needs no emphasis. 

Strychnine causes elfocts somewhat similar to those of creo- 
sol(», but through a different mechanism. Tt stimulates the 
test-organ and increases the proportion of auto-anlitoxiii in the 
blood ; but it excites also the vasomotor center and by ])rovoking 
constriction of all arteries, causes a larger volume of blood I’ich 
in auto-anli toxin to circulate in the capillaries, including those 
of the diseased area.* Beginning with Vi.to grain (().()0()5 gm.) 
three times daily, the dose is gradually increased until the 
idiysiological eifects of the drug are Jioted, when the dose is no 
longer increased. Strychnine is now used mainly as a tonic 
alojig with other drugs, especially iodine. Tt should not be given 
with ('reosote, how(;ver, since it antagonizes its eifects on tlu' vas- 
cular centers.* Adrenal gland 6 grains (0.16 gm.) added to 
each dose of thyroid and creosote carbonate, in a capsule, may be 
employed instead. 
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Tho value of strychnine in tuberculosis was pointed out by the late 
William Pepper,'*^" who reported a case cured by this drug as main 
remedy. T. J. Mays''" recommends it highly, and raises the dose from 
Vao grain (0.002 gm.) very gradually until the physiological effects are 
observed (about Vi 2 g*'* — 0.005 gm.), then maintains it at that point. 
All symptoms are improved, including tin* cough. Ferran'*" likewise 
praises strychnine. W. F. Milroy,'*"^ who has used it considerably “with 
the most gratifying results,” sustains Pepper^s teaching that success “is 
dependent upon its administration in the maximum physiological dose.” 

Digitalis is highly beneficial in asthenic cases, especially 
when the heart is dilated owing to hypoactivity of the adrenal 
system.* Not only does it stimnlate powcrrully the adrenal 
center and greatly increase the (quantity of anto-antitoxin in 
tlie blood, but the direct action of the increased adrenal scc^re- 
tion on the right ventricle, by augmenting the contractile power 
of the latter, causes the blood to be distributed with more vigor 
throughout both lungs, including the diseased areas.* Digi- 
taline, % grain (0.008 gm.), gradually increased to Vt grain 
(O.Olfi gm.) twice daily during meals if given alone, or one-half 
these doses if given with other adrenal stimulants, is of great 
value in the class of cases mentioned.* 

In the first volume'^ I stated that “weakness of the right ventricle 
as a result of suprarenal insufficiency is an important factor in tho 
pathogenesis,” and also'^’ that absolute integrity of the adrenal system 
is “a sine qua non of perfect immunity against pulmonary tuberculosis, 
t.c., against the intrusion of pathogenic germs of any kind (and par- 
ticularly the tubercle bacillus) in the circulations not only of the lungs, 
but also of the intestines.” In a recent paper, Stow'** adduced consiiier- 
ablc evidence showing that “heart lesions accompanied by well-marked 
pulmonary stasis, thus concentrating in the lungs the imrnunizinq 
agents of the blood, ichatever they mag be, are rarely followed by 
phthisis pulmonalis, or if this previously existed, they exert a salu- 
tary effect upon it, and that the reverse conditiiins frequently are fol- 
lowed by pulmonary tuberculosis.” The reader must be* referred to the 
original for the data presimted, which fully sustain what I have ad- 
vanced sc'veral ycuirs earlier, pointing out also the identity and the 
sourse of the immunizing agents. The digitalin I use in the class of 
cases mentioned is .Merck’s German, which is uniform in its action. 

The influeiKfe of high altitudes on tlic prevention and cure 
of pulmonary tnbereulosis is due to the concomitant action of 
some of the factors referred to above.* The atmospheric pres- 
sure being reduced proportionally with the altitude, the volume 
of oxygen per cubic foot of air is correspondingly reduced. 

* Author" s conclusion. 

178 William Peppor: Univ. Med. Ma^ir.. Dec., 1895. 

T. J. Mays: Jour. Amer. Med. Assoc., Oct. 10, 1896. 

iMo pYrran: La mOdeclne moderne, vol. xli, p. 1901. 

181 w. P. Milroy: N. Y. Med. Jour., Aug. 25, 1906. 

Cf. vol. i, p. 228, Foot-note. 

Cf. vol. I. p. 774. 

*®*Stow: Amer. Jour. Med. Scl., Oct, 1906. 
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In order to insure adequate oxygenation, the number of rod 
corpuscles is (physiologically) increased, and the proportion of^ 
oxy haemoglobin (adrenoxidase) likewise. The contractions of 
the heart and vessels being more vigorous and numerous, more 
blood, richer in adrenoxidase,* circulates through the lungs in 
a given time than at a lower altitude. The conditions that 
exist under the influence of digitalis are thus reproduced, viz., 
the lungs are more actively immunized during health and 
disease.* 

Ouihof-door life, i.e., living in the open air as nearly as pos- 
sible all the time, is a potent factor in the cure of tuberculosis. 
Sunlight and fresh air are tlicrnselvcs remedial, the latter by 
affording the adrenal secretion as it passes the alveoli to become 
converted into adrenoxidase,* a volume of oxygen which the 
partially reduced air of a room does not afford. The balcony, 
roof, or garden of a residence may bo used to advantage in this 
connection, warm clothing and shelter from wind and rain 
being about the only precautions indicated. The bri'athing of 
cold air is not hurtful, day or night, as a given volume of cold 
air contains more oxygen than the same volume of warm air. 

That the pulse-rate, the rate and depth of respirations and the 
vigor of the cardiac contractions are inc'reased in high altitudes is gen- 
erally recognized. The fact that the respiratory exchange is actually 
increased was shown by BUrgi.'*^ The augmentation of rod corpuscles 
corresponds with the altitude; thus Huggard,^"" in a table, gives among 
others the following comparative observations: Sea level, 4,974,000 
(Laaclie) ; Zurich, 411 meters, 5,752,000 (Stierlin) ; Davos, 1500 
meters, 0,551,000 (Kfindig); Arosa, 1800 meters, 7,000,000 (Kgger); 
Cordilleras, 4.192 meters, 8,000,000 (Viault). Comparative experiments 
at Basle (260 meters) and Davos (1500 meters), by Jaquot and Suter,***^ 
showed, moreover, that in rabbits “the entire quantity of blood was 
greater by 14.8 per cent, in the Davos than in the Basle rabbits.” 
lluggard also states that “the luemoglobin usually increases in amount.” 
De Saiissure’“ observed in high altitudes “a kind of fever produced by 
the frequency of the respiration, which quickens the circulation of the 
blood.” 

Space cannot be dtn-oted to a description of the many devices that 
have been pro])osed to insure adequate out-of-door life and yet protect 
the patient from the inclemencies of the weather. Considerable valu- 
able information on the subject will be found in a recently-published 
work by J. B. llubcr, of New York, on “Consumption and Civilization.” 

Agents Which Cause Destiiuctton oe the Tubercle 
Bacilli Indirectly. — The bciKjficial effects of iubcrciiUn are 

• Aiilhor'ft vonvhiHUifi. 

>“ntirKl: Arch. f. Anat. ii. Phys., Physiol. Abth., S. D09, 1900. 

lIiigRard: “Mandh. nf Climatology,” p. 127, 1906, 

Jaqliet and Sutcr: Corres. f. scliweltzcr Avrzto, Bd. xxvlll, S. 104, 1898. 

^do SauBBurc: Cited by Hugaard: hoc. cit. 
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indirect in that this substance depresses the test-organ. It 
provokes a fall of the opsonic index which lasts from a few hours 
to two weeks. 'J'his is due to the depressing action it has upon 
the test-organ, wliich entails a corresponding decrease of adren- 
oxidase in the blood.* The general adynamia observed during 
the first and second stage's indicates that tissue metabolism 
is deficient from the start, owing to tliis factor — the identical 
one which causes the opsonic index to be low in this disease.* 
When successive doses of tuberculin are administered, the blood 
becomes too poor in oxygen to carry on catabolism (the phase 
of metabolism always morbidly inlliieiiced first), and waste- 
products of various kinds, including the detritus from the dis- 
eased areas, accumulate in the blood.* A pseudo-pyaunia or 
septictTmia being thus evoked, the usual result follows: the 
adrenal system reacts more or less actively,* as shown by the 
rise of temperature. ^I1ie blood l)ecomes rich in auto-antitoxin; 
the opsonic index rises and the destruction of washes and de- 
tritus proceeds--- along with all the tubercle bacilli that are 
witliin reach of the blood’s adrenoxidase, its thyroidjise, and its 
phagocytes. 

Hence the danger of employing large doses of tiil)erculin. 
The functional activity of the test-organ and of all the organs 
of the adrenal system is lowered to such a degree, that the 
l)rotective m(?chanisTn cannot react, and the more tuberculin is 
injected the worse this condition (the negative phase of Pro- 
fessor AV right) becomes. This entails another morbid factor: 
the projmrtion of auto-antitoxin and thyroidase in the blood 
being greatly diminished, the tubercle bacilli are allowed to 
multiply rapidly, the adrenal system is increasingly depressed, 
while the blood is further deprived of oxygen. A vicious circle 
is started which ends in general collapse.* The discouraging 
results obtained by Koch and his followers when tuberculin 
was first introduced are thus accounted for. 

AVhen minute doses of tuberculin are used in chronic cases 
which show a low opsonic index and no fever, such untoward 
effects do not oc(fur. The blood’s adrenoxidase is only reduced 
sufficiently to permit a slight accumulation of toxic wastes* — • 
enough to cause a reaction of to 1® P. (0.28® to 0.55® C.). 

* Authoi voncluHion. 
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As the least increase of anto-antitoxin in the blood is destructive 
to any tubercle bacillus readied, each time such a febrile state 
is brought about many germs arc destroyed and the time finally 
comes, in suitable cases, when none remain to propagate their 
kind.* 

This process accounts for the manner in which tuberculin 
indicates the presence of tuberculosis, i,e., for its usefulness in 
diagnosis,* In a normal subject the presence of an average 
quantity of aclrenoxidase causes the tuberculin to be destroyed 
at once; conversely, a tuberculous subject whose test-organ 
(and therefore the adreno-thyroid centers) is already mate- 
rially depressed is always on the verge of pseudo-pyjemia due 
to hypocatabolism.* 1'hc additional reduction of oxygen which 
the test-dose entails suffices, therefore, to produce the most 
prominent symptom of pyaemia: fever.* 

All this is based upon the effects of Tuberculin T. R. employed by 
Professor Wright. The fact that this observer says himself that there 
occurs after its use “a period of intoxication which is characterized by 
a decline in the antibacterial properties of the blood” which is “more 
or less prolonged” according to the dose, shows plainly that its effects 
arc due to direct stimulation of the test-organ. The character of the 
febrile process incited is plainly that described — a normal outcome of 
the degression which the tuberculin produces. 

The various explanations of the mode of action of the many vac- 
cines and sera tried so far, have included the word “immunity.” Koch 
ascribes it to n local action on diseased areas; Ehrlich to union with 
receptors produced by tissue-cells; Marmorek to a sensitizing action on 
the tubercle bacilli, combined wdth a thermogenic action. Behring — 
at least his new T. C. — to a direct action on the cells of the host. 
These are in reality but guesses which th’^ow no light upon the ques- 
tion.* Wright’s demonstration of the increased opsonic index has fur- 
nished the most valuable indication on this score, though even he does 
not point to the source of the immunizing substances. Indeed, without 
tlie adrenal system, which supplies all the factors required to elucidate 
the question as a whole, the problem w'as inscrutable. 

As to the results of sanatorium eases treated with tuberculin, a 
table prepared recently by Fortescue-Brickdale,*®* gives a percentage of 
88 per cent, cures in 803 cases. In this country, Pottengcr'"® collected 
611 cases with 04 per cent, of cures. Both these series, however, refer 
only to patients in the first stage. Von Ruck, of Asheville, N. who 
uses a watery filtered extract — far safer, therefore, than tuberculin — 
has obtained good results in the three stages when the disease existed 
in an uncomplicatt'd form, viz., 94 per cent, in beginning phthisis (171 
cases) ; 65.7 per cent, in more advanced cases (350 cases) ; and 27.3 
in the “far advanced stages” (352 cases). 

The crucial feature of the question, however, is the comparison of 
patients treated with tuberculin, with patients in which it was not used, 

• Author* 8 conclusion. 

Fortescue-Brlckdale: Bristol Med.-Chlr. Jour., Mar., 1900. 

Pottenger: Therap. Qa*., Mar. 15, 1903. 

”^Von Ruck: Med. Record, Jan. 20, 1906. 
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although the climatic and other advantages were the same. Trudeau, 
of Saranac Lake,'”^ gives the following percentages calculated on the 
basis of an equal number of treated and untreated patients: — 


TUBERCULIN — 

Treated 

Untreated 

INCIPIENT 

Apparently cured 

Pisease arrested 

Active 

56 per cent. 

50 per cent. 

34 per cent. 

38 per cent. 

10 per cent. 

11 per cent. 


ADVANCED 

TUBERCULIN— 

Apparently cured 

Disease arrested 

Active 

Treated 

27 per cent. 

55 per cent. 

18 per cent. 

Untreated 

6 per cent. 

51 per cent. 

43 per cent. 


The post-discharge mortality affords more exact evidence, how- 
ever: The following table includes the cases discharged during the last 
15 years from Saranac Lake, omitting the last year: — 



INCIPIENT 

ADVANCED 

TUBERCULIN— 

Living 

Dead 

Living 

Dead 

Treated 

Untreated 

79 per cent. 
63 per cent. 

21 per cent. 
37 per cent. 

61 per cent. 
36 per cent. 

39 per cent. 
64 per cent. 


Although these figures do not show so striking a result as statis- 
tics based on all cases treated with tuberculin, the fact remains that 
tuberculin improves greatly the chances of recovery. One salient point 
asserts itself, however: the advanced cases are shown to derive con- 
siderable benefit from this treatment in sanatoria, a fact which cannot 
lie said to apply to private practice. Conversely, judging from the 
results obtained by others and my own, I believe that during the first 
and second stages of the disease, the use of iodine, thyroid, etc., in the 
manner indicated, and w'ith the auxiliary measures, saline solution, 
out-of-door life, etc., affords at least as good a chance of recovery as 
the use of tuberculin or any similar method of treatment. 

Agents Which Increase the Alkalinity of the Blood. 
— Important in connection with all the foregoing measures is 
the preservation of the alkalinity of the blood up to its normal 
standard, a condition which tuberculosis tends greatly to com- 
promise, thus decreasing in proportion the auto-protective func- 
tions of the body. The lymph circulation being rendered still 
more torpid than usual, the bacteria arc retained longer in the 
lymphatic vessels and glands,* where they rapidly proliferate. 
When its osmotic properties are normal, the bacteria are swept 
with relative rapidity into the blood-stream, where they are 
.soon destroyed.* 

• Author's conclusion. 
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The patient should be urged to drink freely of water. 
When he eats normally, the addition of sodium chloride, 10 
grains (0.6 gm.), to a glass of milk, taken twice daily, and the 
free use of vegetables to insure an extra supply of potassium 
salts to the blood, suffice.* In the more advanced stages, how- 
ever, the measures recommended farther on (under “Fever”) are 
indicated. 

Stadelmann'“ and A. Robin'** and many others have emphasized 
the importance of the loss of inori^anic salts during tuberculosis. Even 
those who antagonize this view, Steinitz and Weigert,'"* admit that their 
chemical analyses showed a diminution of sodium and chlorine elements 
— ^both essential, we have seen, to osmosis. The addition of the salt solu- 
tion — by enema or subcutaneous injection — in advanced cases is at times 
very beneficial. C. Rea Burr'®* characterizes as “extraordinary” the 
effect observed in one of his advanced cases. Quinton used injections 
of isotonic sea-water with success, a fact confirmed by Chaiiffard'*' and 
others. Carles*®* found the oral use of sea-water quite as effective. It 
does not cause the sudden rise of temperature — proof, by the way, that 
the auto-antitoxin is suddenly rendered able to carry, on bacteriolysis, 
etc. — observed after its hypodermic use. The sea-water is simply fil- 
tered, since sterilization by heat impairs its virtues, and taken at first 
in spoonfui doses half an hour liefore meals, the dose being gradually 
increased until half a tumblerful is taken. Watkins*®* observed “gran- 
ules” or “third corpuscles” in the blood in tuberculosis-— obviously blood- 
platelets, the presence of which, as I have shown, indicates deficient 
alkalinity. 

Symptomatic Treatment. — Cough. — One of the most 
pernicious habits which the empirical administration of reme- 
dies has introduced is the use of opiates in the cough of tuber- 
culosis. As they give relief by causing sympathetic constriction 
of the arterioles, they reduce the volume of blood admitted to 
the lesions and promote indirectly, therefore, the multiplica- 
tion of the tubercle bacilli.* The retention of sputum which 
contains billions of these germs per cubic centimeter is obviously 
an additional source of danger. Cough is a protective phenome- 
non, and is due usually to excessive viscidity of the bronchial 
secretions — a baneful condition which is offset by the use of 
alkaline fluids, as stated above.* When the patient is under- 
going the medicinal treatments indicated in the foregoing pages, 
especially thyroid extract, the iodides, or creosote carbonate, the 


* Author*a concluainn. 
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cough soon shows signs of improvciuent, because the lesions 
themselves are being liealed and the detritus ejected becomes 
gradually less.* 

Where the patient requires assistance is on rising, owing 
to the accumulation of muco-purulent secretions in the respira- 
tory tract during the night. Tf he can rid himself of these 
before leaving the bed, he is usually comfortable the rest of 
the day. To facilitate this he should first resort to posture, 
viz., lying on the side opposite to that of the affected, with his 
head hanging over the edge of the bed. The cough being aided 
by gravity, considerable sputum is thus gotten rid of — the first 
installment. He should then carefully wash out his mouth, 
and drink a glassful of hot water containing twenty drops of 
aromatic spirits of ammonia. This is soon followed by a gen- 
eral feeling of warmth and a desire to cough. The former 
position being resumed, the remaining muco-purulent materials 
— ^those in which bacteria arc usually found — will be voided- 
After again washing his mouth and cleansing his teeth carefully, 
the patient can then take his breakfast without being disturbed 
by spells of coughing. The same procedure on retiring tends 
much to insure a good niglifs rest. 

T can only give here tho general principles of measures which 
considerahle experience in such cases has shown me to he effective. 
Tlie physician’s ingenuity will suggest many others on similar lines. 
I 'never prescribe opiates in such cases, aiul ascribe the good results 
obtained partly to this fact. It is a very unfortunate fact that the 
text-hooks still advise the u.sc of such remedies, hydrocyanic acid, etc. 
The blind use of such agents and the fact that most cases of tuberculosis 
arc dubbed “bronchitis” at first, thus giving ample time to the bacillus 
to do its fell work, is, in my 0])inion, one of the chief causes of the 
great mortality of tuberculosis — a disease which in its incipiency can 
almost invariably be cured. 

Tt 18 important in this connection to distinguish between 
useful and useless cough. Some patients acquire the hahit of 
coughing, and the least prickling sensation in the larynx is the 
signal for an artificial paroxysm which they could readily pre- 
vent if warned that it does harm. Indeed, examination of the 
larynx in such cases shows marked congestion, especially of the 
interarytenoid space. When this is present, vomiting is apt to 
occur, owing to the intense sensitiveness which the upper re- 
spiratory tract finally acquires. The instruction to the patient 
should be to avoid coughing until he feels distinctly that there 


* Author'9 conclusion. 
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is some mucus to eliminate. In some instances, he is unable to 
do this, and remedies are necessary to break the habit. After 
clearing the respiratory tract before retiring, as stated in a 
foregoing paragraph, bromide of sodium^ 10 grains (0.6 gm.), 
may be taken, but only two or three nights. The laryngeal ves- 
sels, thus depleted (since the bromides in small doses depress 
the blood-pressure only) a few times, cease to congest the sen- 
sory terminals of the region.* Obstinate coughs are also bene- 
fited by the oil of sandalwood, 5 grains (0.3 gm.) three times 
a day, or fluid extract of hydrastis canadensis, twenty drops in 
water immediately after a meal. These substances are stimu- 
lants and aid the curative process. At times, however, they arc 
not well borne by the stomach; eucalyptus oil 1 drachm (4 
gms.) in chloroform 1 ounce (30 gms.), used as an inhalant, 
may then be tried. 

As already stated, the eoiigh usually eeases to be troublesome after 
the general treatment recommended has had tiiiu? to stimulate the dis- 
eased areas. When either iodine, the iodides or thyroid- extract is 
used, the muco-()urulcnt expectoration not only becomes free and is 
voided without difficulty, but the relaxation of the laryngeal vessells to 
which the local irritation is due, is overcome by the fact that their 
muscular elements are the s(»at of enhanced metabolic activity. The 
caliber of the arterioles being reductnl, the laryngeal capillaries receive 
less blood. 

Iloemoptysis is anotlicr symptom which is to a material de- 
gree prevented by the use, as curative remedies, of the prepara- 
tions of iodine or thyroid extract, since by stimulating the 
adrenal system, they greatly increase the proportion of adren- 
oxidase in the blood.* As this body is the fibrin ferment the 
patient is supplied at all times with the ideal blood-constituent 
that will protect him.* Even haemophilics are protected, since 
their blood under the influence of thyroid extract in small doses, 
becomes coagulable in less than three minutes, as compared 
to eleven minutes when untreated.* As in most instances the 
bleeding is due to ruptured capillaries, the presence of consider- 
able fibrin ferment in the blood causes them at once to be ob- 
structed by a coagulurn, thus arresting the flow; the haemor- 
rhage is cut short almost as soon as begun.* 

W. J. Taylor,®” acting on my dis(*overy that the adrenoxidase of 
the blood was the fibrin ferment and that thyroid extract, by increas- 

• Author’ « conclusion. 
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ing the production of the former, would arrest the bleeding even in 
hflcmophilia, administered it in 3-grain doses (0.2 gm.) thrice daily, in 
three surgical cases. The coagulation time was reduced from eleven 
and one-half minutes to two minutes and six seconds in the most severe 
case, and the operation, entailing incision in the right loin and replace- 
ment of a kidney, was free from huemorrhage. “To the astonishment of 
all present,” says the operator, “the wound Was remarkably dry, there 
being much less oozing than is usually seen in such operations.” The 
effect was as striking in the other two instances. 

When a free haemorrhage occurs, the treatment of the tuber- 
culous process must be set aside. As the purpose is to contract 
the arterioles, morphine, not less tlian V 4 grain (0.016, gm.), 
hypodermically, is of great value, since it produces precisely this 
effect — provided atropine be not given simultaneously as is usu- 
ally done, since this drug increases the propulsive action of the 
arterioles.* * *** To prevent recurrence, veratrum viride, 5 drops 
(1905 IT. S. P.), may also be given every hour three times, then 
every three hours. By causing a fall of the blood-pressure, it 
perpetuates the effect of the morphine. Potassium bromide, 
15 grains (1 gm.), renewed in three hours, then in four hours, 
produces a similar effect,* and reduces the tendency to cough 
besides. Chloral hydrate in similar doses acts in the same way.* 
Either of these remedies does not prevent the use of a second 
dose of morphine four hours or more after the first, if needed. 

Several auxiliary measures are important. The patient 
should be placed in a semi-recumbent position to avoid the un- 
toward effects of gravity which recumbency and the vigorous 
cardiac contractions that the upright position entails, involve. 
Cold or iced compresses to the nape of the ncjck, which cause 
reflex sympathetic constriction of the arterioles, and a bandage 
tightly wound around one or more of the limbs to interfere 
with the return of blood to the heart, are likewise useful. The 
patient should avoid all movements for a few hours at least, and 
be relieved of anxiety by reassuring words. 

My obser/ations in such cases have led me to conclude with Jac- 
coud that morphine is the most eflicient remedy in hicmoptysis; and 
also with Jay,'*®*' Pinssetsky,®^ Fracnkel,®” and others, that ergot should 
not be used in hienioptysis. As I have shown under “Ergot,” it causes 
a primary rise of blood- pressure and only subsequently constriction 
of the arterioles, and even this only when large doses are gfiven. The 
patient is thus forced to traverse a dangerous phase to be relieved, and 

• Author* fi conclu8ion. 
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again when the effect of the drug is passing off, thus exposing him to 
secondary hemorrhage. The use of digitalis, emetics, etc., is also con- 
demned by the first-named observers, and rightly, too, in my opinion. 
The effect of the ice-bag is so marked, that Kossbach observed laiyngo- 
Bcopically blanching of the tracheal mucous membrane under its infiu- 
ence. This measure is also recommended by S. Solis-Cohen,^*^ who applies 
the ice-bag over the heart or over the seat of bleeding. 

The fever of the two first stages is a protective process* and 
therefore does not require medication. Under the influence of 
the iodides or thyroid extract, it may increase at first and coin- 
cide with free expectoration and perhaps the appearance of 
bacilli which had not been detected before. If it persists, how- 
ever, a good plan is to add creosote carbonate to the iodine or 
thyroid, beginning with 5 grains (0.3 gm.), but raising the dose 
only to 15 grains (1 gm.) during meals. TMiis hastens the anti- 
toxic process and the pyrexia is soon reduced to a slight but 
salutary level. 

The fever of the hectic stage is partly due to a cause which 
has so far escaped attention, viz., a marked rise of the blood- 
pressure, due to irritation of the vasomotor center by the great 
quantity of toxic wastes and detritus in the blood.* Tjarge ene- 
mata of warm (110® P. — 43.30® C.) saline solution once daily, 
after the bowels have beem moved, or hypodermoclysis or even 
endovenous injections of the same solution, greatly improve the 
patient^s condition by promoting osmosis* and a free flow of 
urine, which carries away large quantities of the noxious sub- 
stances. He should also drink copiously of a beverage com- 
posed of milJe and Vichy mineral water, equal parts. These 
measures afford considerable relief. 

Antipyretics do more harm than good. This applies especially 
to the coal-tar products, the use of which, as emphasized by many 
observers, causes marked depression. Aspirin has been recommended, 
but it causes profuse and depressing sweating. 

The nightsweats of the hectic period arc closely allied to the 
febrile process. Tho peripheral congestion incident upon the 
general vasoconstriction plus the febrile process, Le., the su- 
preme effort which the adrenal system is making to rid the body 
of the tubercle bacilli and their endotoxin, and also, at this 
stage, of those that constitute the ^hnixed infection,” becomes 
such, periodically, that the sweat-glands are themselves excited 


* Author*a concluaion. 
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to hyperactivity.* This is mainly due to the physiological 
function which supplies the skin with moisture, the evapora- 
tion of which cools the surface. The measures just described 
are of cardinal importance in this condition, therefore, since 
they tend to rid the blood of the poisonous substances which 
exaggerate the febrile process.* Sponging of the body is very 
helpful during the sweating, and medicines should be avoided 
at this stage. 

The nightsweats of the first and second stages, and of the 
third stage when there is hypothermia, are due to the general 
depression of the adrenal system, which, as we have seen, the 
presence of the tubercle bacilli entails.* The peripheral arte- 
rioles being relaxed (as under the infiuence of pilocarpine) the 
sweat-glands — that is to say their spiral muscles — become 
passively congested and overactive* and free sweating occurs. 
The aim here is to restore the arterioles to their normal caliber.* 

4 

Atropine fulfills this precise role, provided, however, it is not 
given in too large a dose; Vioo grain (0.00065 gm.) hypo- 
dermically, or Vao grain (0.001 gm.) by the mouth, usually 
suffices. It is preferable to morphine, which constricts the arte- 
rioles unduly. Another agent which acts much as does atropine 
is camphoric acid; it may be given in two doses of 15 grains 
(1 gm.) each, at short intervals, in capsules or cachets, two or 
three hours before the sweating period begins. 

I have never used camphoric acid, but Stockman^**^ states that it is 
more effective than atropine and that the tendency to excessive sweat- 
ing soon disappears. 

General Hygiene. — The specified diets often prescribed 
may be reduced to the simple formula: three substantial meals 
daily. With out-of-door life and appropriate treatment based 
on full recognition by the physician of the functions of the 
adrenal system in the curative process, the chances of recovery 
are very great, at least in the first and second stages of the dis- 
ease.* No patient should be allowed to lapse into the third 
stage. 

Prophylaxis does not, of course, enter within the scope 
of this work, but I would urge that the very laudable and fruit- 

* Author*a conclwiim. 

** Stockman: Edinburgh Med. Jour., Jan., 1887. 
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ful work done at the present time in this direction should in- 
clude a recommendation to practitioners to attach more impor- 
tance to “coughs and colds” than they do. Most of the cases 
that the consultant is called upon to examine are victims of 
carelessness in this direction. My own plan is to treat all 
coughs of obscure origin, especially those ascribed to “colds,” 
as if I were dealing with incipient cases of tuberculosis, without, 
of course, mentioning the fact to the patient. I prescribe 10 
minims (0.6 mg.) of creosote carbonate and V40 grain (0.0016 
gm.) of strychnine, or- 1 grain (0.06 gm.) of thyroid gland 
instead of the strychnine, during each meal, and instruct the 
patient to remain out of doors as much as possible. A common 
cold or even a ^Tbad cold” promptly disappears under this treat- 
ment without opiates or syrups — and the patient is fully pro- 
tected in case the cough should prove to be, as is often the 
case, the first and only sign of a tuberculous infection. 



CHAPTER XXVIII. 


THE INTERNAL SECRETIONS IN THEIR RELATIONS 
TO PATHOGENESIS AND I^HERA- 
PEUTICS {Continued). 

THE ADRENAL SYSTEM IN THE INFECTIOUS DISEASES 
OF THE LUNGS (Continued). 

While the mortality of pulmonary tuberculosis has de- 
creased during the last forty years, that of pneumonia has 
steadily increased. During the year 1890 the proportion of 
fatal cases in 1000 deaths from all known causes, in the United 
States, was 90.61 ; during the census year 1900 the correspond- 
ing proportion was 106.1. The deaths reported in the registra- 
tion area during 1890 per 100,000 of population were 186.9. 
In 1900 this proportion had reached 192. In 1860 the corre- 
sponding ratio was only 44; in 1870 it was 102.4, and in 1880, 
125.8, During the last forty years, therefore, the mortality of 
pneumonia has increased almost three and onc-half times. As 
the deaths from ^^consumption^^ for the census year 1900 ag- 
gregated 109,750, while those from pneumonia reached 105,- 
971, the latter disease may be said to be rapidly assuming the 
leading position among the foes of humanity. Thomas Darling- 
ton,‘ Health Officer of New York City, states that the death- 
rate has risen steadily from 1.95 per 1000 in 1870, to 19.5 per 
1000 in 1904, and that it now leads all other diseases as a cause 
of death in our country's metropolis. 

Referring to this appalling mortality of pneumonia, an 
editorial writer® recently asked: ^Hs this dreadful waste of 
human life inevitable? or is it the direct result of the nihilistic 
teaching of authorities who are grounded in the doctrine of 
^self-limited’ disease, and doggedly refuse to listen to the asser- 
tions of others as acute in observation and ns honest in purpose 
as themselves, who claim that medicine is not powerless in the 

^Thomas Darlington: Proceedings of the Phila. County Med. Soc., Mar. 
23| 1905. 

* Editorial : Medical Record, Oct 28, 1906. 
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face of this devastating disease, and that pneumonia has been, 
and often can be, cured without waiting for the crisis on the 
seventh or ninth day 

Analyzed impartially, this doctrine has its raison d'etre 
with the prevailing ignorance of tlie physiological action of 
drugs as the foundation of a so-called “rational therapeutics.^’ 
As urged by Hobart A. Hare,® referring specifically to pneumo- 
nia: “These are cases which remind us of the extraordinary 
bacteriolytic power of the blood, and the remarkable methods 
by which nature combats disease, and which should make us 
hesitate before we drop into the cog-wheels of such delicate 
machinery, drugs which may, if wrongly given, disorder or 
break down this complex mechanism.” Indeed, of all diseases, 
pneumonia is the one which would bear the least the misuse of 
drugs — of vasoconstrictors when the sluices bearing a stream 
of antitoxin to the germ-laden areas should be widely opened; 
of oxygen-robbing alcohol when the blood’s oxygenizing power 
should be in every way increased ; of cardiac depressants when 
the ventricular contractions should be sustained, etc. 

The doctrine that “pneumonia is a self-limited disease” 
disappears with the adrenal system as a foundation for the 
pathogenesis and treatment of pneumonia, for it points clearly 
to the measures that are productive of good and affords a log- 
ical, tangible, unequivocal explanation of the beneficial effects 
produced. A suggestive fact asserts itself, however, in this con- 
nection, viz.: that the agents indicated are precisely those 
which clinical experience, untrammcled by the theory of self- 
limitation, has sustained — those identical remedies urged upon 
the profession by men who have asserted that “medicine is not 
powerless in the face of this devastating disease,” and that it 
“has been and often can be cured without waiting for the crisis 
on the seventh or ninth day.” 

PNEUMONIA. 

. Synonyms. — Lohar Pneumonia; Pneumonitis; Fibrinous 
Pneumonia; Croupous Pneumonia. 

Definition. — Pneumonia, an infectious disease character- 
ized by toxaemia and inflammation of one or more pulmonary 

.*H. A. Hare: Proceedings of the Phila. County Med. Soc., Mar. 23, 1905. 
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lobes, is due to the multiplication in the latter of the pneu- 
mococcus lanceolatus of Fraenkel and, less usually, of the ba- 
cillus pneumoniaa of Friedlfcder, when from any cause the 
auto-antitoxin and phagocytes in the Iluids of the respiratory 
tract, which under normal conditions destroy these germs and 
their toxins, are deficient in (luality or (piantity.** 

Symptoms and Pathology. — The morbid jirocess may in- 
volve but one lobe, or a part of it, or extend to other lobes, and 
even to the other lung, thus constituting in the latter case the 
rare form of ‘double pneumonia.'^ '^Phe physical symptoms may 
thus be circumscribed or widely distributed. 

The onset of pneumonia is occasionally preceded by head- 
ache, a slight cough, oppression and pain in the chest, sind 
general malaise of a couple of days^ duration, but as a rule it is 
abrupt, and is marked by a severe chill in adults and vomiting 
and convulsions in children. What fever may have been present 
rises rapidly, reaching 104° to 105° F. (40° to 40.5° C.) within 
a few hours, and remains high. The face is flushed and shows 
deep-red spots on the side of the affected lung, and the skin is 
dry and hot to the touch. The pulse is generally strong and 
full, varying between 100 and 120. Both the temperature and 
pulse are apt to be high in children. The capillaries, especially 
those of the surface, are flooded with blood.* In children it is 
the rush of blood to the skin which, by exciting the sensory 
end -organs therein, provokes reflex convulsions.* 

The chill is due to a temporary depression of the functions of the 
vasomotor etmter by the toxins when the toxieinia reaches a certain 
limit. As tliis is followe<l by a general relaxation of all the arteries, 
the blood accumulates in the great central trunks, depicting the surface. 
The peripheral temperature being lowered, the cutaneous muscles are 
caused reflexly to contract and relax rapidly — the “chill.” The physio- 
logical purpose of this phenomenon is to conserve heat, if possible, 
through enforced motion. That there is depletion of the peripheral ca- 
pillaries was shown by Maragliano^ plethysmographically, the volume 
of the arm being decreased during the rigor. Moreover, GeigeP found 
that the temperature fell at this time. 

The connection between the reaction (the rush of blood to the 
periphery shown by the sudden rise of temperature) and the convulsions 
in children, may be illustrated by the fact, d«*monstrated by Poulsson,® 
that even strychnine convulsions can be prevented by anaesthetizing With 
cocaine a frog’s skin, thus paralyzing the sensory end-organs. The con- 
vulsions are obviously reflex. 

* Author's conclusion. 

** Author’s definition. 

«MaraKliano: Zolt. f. kiln. Med.. Rd. xiv., S. 309. 1888. 

“Gelgel: Allbutt’s “System of Med.,’’ “Fever,’’ vol. 1, 1905. 

Poulsson: Arch. f. exp. Path. u. Pharm., Bd. xxvl, S. 22, 1889. 
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An early symptom is a sharp pain on the affected side. 
This is accompanied l)y a short, dry cough which necessarily in- 
creases the pain (duo to involvement of the pleura) and is 
therefore suppressed. It is often absent in the aged. Simul- 
taneously, the respirations are increased in frequency, ultimately 
reaching in some cases 60 and even more a minute. 

The fever remains high until the crisis, unless the subject 
be debilitated through alcoholism, squalor, a previous disease, 
etc. The fluctuations correspond very nearly with those observed 
during health, though exaggerated at times, especially when 
nearing the crisis; the nocturnal remissions averaging in most 
cases slightly above 1° P. When the crisis is near at hand a 
marked rise, 106° P. (41.1° C.) and over, may occur. In de- 
bilitated subjects the temperature range is lower; when it is 
very low, Le., below 101° P. (38.4° C.), the chances of recovery 
are greatly reduced. 

The febrile process is evidently a protective one, the pur- 
pose being to increase the bactericidal and antitoxic properties 
of the blood.* Not only is marked Icucocytosis present in cases 
that end in recovery, but this hyperleucocytosis is not ob8(?rved 
in most cases that terminate fatally. It is usually absent in 
greatly debilitated, very young, and aged subjects, which con- 
stitute a large proportion of the mortality lists. 

Leucocytosis may be low, how^ever, in mild cases, and also 
in cases attended wdth very great intoxication. In the latter, 
the test-organ, overwhelmed by the toxins, is unable to enhance 
sufficiently general metabolism, and, therefore, the functional 
activity of the leucocytogenic organs.* Here, however, the 
febrile process 'is likewise low, and tlie depression is commen- 
surate with the intense intoxication present. While a high fever 
ranging between 103° and 105° P. (39.5° and 10.5° C.), there- 
fore, indicates a marked intoxication, it also show's that the pro- 
tective functions arc actively combating it.* Conversely, when 
in a severe case the temperature remains low', the probability is 
that the toxins arc steadily overcoming these functions.* 

Norris,^ in a scries of 500 cases tronto<l at the Pennsylvania Hos- 
pital, found that the greatest niimher of recoveries occurred among those 
in which the temperature ranged between 103° and 105° F. (39.5° and 

• Author'H roncluHinn. 

T Norris: Amcr. Jour. Med. Scl., June, 1901. 
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40.5^ 0 .), while the highest mortality occurred in cases in which it 
fluctuated between 99® and 101® F. (37.3® and 38.4® C.). Many other 
examples of this kind are available in literature. The influence of de- 
bility is w^ell illustrated by Tie fact that while the average mortality 
of the 500 cases was 25 per cent., the 34 known to have been drunkards 
showed a mortality of 67 per cent. The protective rOle of leucocytes, not 
only as phagocytes, but as the source of antitoxic, t.e., proteolytic fer- 
ments, has been shown." That leucocytosis occurs in favorable cases — 
subject to the conditions outlined above — is now generally recognized. 
Thus Ewing," thirteen years ago, concluded that in most cases of lobar 
pneumonia “there is a marked leucocytosis. This may be absent or 
inconsiderable” adds this histologist: *'(a) in very milcl cases; (h) in 
very severe cases in which the reaction of the system is slight. The de- 
gree of leucocytosis in pneumonia is proportional, on the average, to the 
extent of the local lesion, but it follows much more exactly the grade of 
systemic reaction to the poison generated.” The many researches pub- 
lished since, including the works of 8ti6non,^ Demoor,^^ and others have 
confirmed these observations. Stengel’s*^ c;onclusion that the leucocytosis 
is of the active polymorphonuclear variety, the actively amceboid corpus- 
cles being increased in greater proportion than the other forms, also 
summarizes the teachings of more recent observations. All this is ap- 
plicable to the croupous pneumonia of children, lleim'^'' for example, 
also found an increase of leucocytes in this disease. Ilypoleucocytosis 
invariably proved to be a serious prognostic sign, though not necessarily 
fatal. All the cases studied — nineteen — showed a great increase of poly- 
nuclear neutrophiles, with a relative decrease of lymphocytes. 

The febrile process remains about the same from five to 
nine days. The cough, at first short, becomes harder. In the 
beginning also, ropy, viscid mucus is expectorated, owing to 
concomitant bronchitis, but the sputum soon becomes red or 
reddish-brown, ^^rusty” or ^^prune-juice” like, and may contain 
fibrinous coagula. If gangrenous tissue be present, it may be 
very foetid. Herpes on the lips and nose are commonly ob- 
served. The urine is scanty, high-colored, and sometimes con- 
tains albumin. A characteristic feature of pneumonia is that 
the chlorides are reduced or absent. There is also great thirst 
when the fever is high. Jaundice is an early symptom in some 
cases. The tongue may be dry and leathery — a fact which sug- 
gests absence of alkaline salts and fluids in the blood. In sim- 
ple pneumonia constipation is usual, but diarrhoea is apt to 
occur in the more serious cases. 

During the first stage, which lasts no longer than twenty- 
four hours, the air penetrates to the alveoli ; palpation elicits a 

■ Vf. vol. i, pp. 610 and 671 ei seq. 

"Ewing: N. Y. Med. Jour., Dec. IB, 1893. 

'"Stldnon: Ann. de la Soc. des scl. m6d. et nat. de Bruxelles, T. Iv, p. 49, 
1896. 

Demoor: Jour, de m6d., de chir., et de pharm. de Brux., July 6, 1896. 

Stengel: Jour. Amer. Med. Assoc., Aug. 19, 1899. 

^Helrn: Arch, de mdd. des enfants, vol. Iv, p. 21, 1901. 
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slight increase of vocal fremitus; percussion^ if anything, a 
slight increase of resonance soon replaced by dullness ; and aus^ 
cultation, a broncho-vesicular murmur, soon supplanted by the 
typical crepitant rale at the end of each inspiration. 

The pathological changes are characteristic. The affected 
area becomes intensely congested, and the capillaries between 
the air-cells or alveoli, and which course in their direction, are 
greatly distended. They evidently pour their contents into the 
alveoli, for the latter and the terminal bronchioles are more or 
less filled with red and white corpuscles, epithelial cells, etc., 
and blood-plasma. '^I'he leucocytes found in large quantities at 
this time are transitional cells, Le., cells which are developing 
into adult granular leucocytes, and which, closely examined, are 
found to contain lymphocytes (broken-down leucocytes), red 
corpuscles, nuclear detritus, and bacteria. 

We are dealing evidently with phagocytic cells which are 
antagonizing the intruder and ridding the air-cells and terminal 
bronchioles of detritus. Examined post-mortem at this stage, 
these cavities arc found to contain a bloody or reddish exudation, 
containing, when the lung tissue is slightly compressed, air- 
bubbles. It is this exudate which, when voided by way of the 
bronchi, gives the viscid sputum its prune-juice, rusty aspect. 

Uitchie'^ in a recent presidential address, said: “I think it will be 
well f(ir us to keep a mind open for the possibility that part of the in- 
creased metabolism may be the expression of work done by cells tictively 
engaged in operating on the invading bacteria. That this is all the more 
likely is indicated if we correlate the known facts regarding the increased 
excretion of potassium and phosphorus during fever with the increased 
activity which can be microscopically observed in the colorless cells of 
the blood which contain these elements in abundance.*' The correlation 
between leucocytosis and the prognosis of the disease referred to above, 
indicates the importance of this function. The presence of transitional 
cells was demonstrated by several investigators. J. Pratt, for example, 
in fifty autopsies, found that in all cases dying within the first three 
days “the alveoli contained large numbers of cells closely resembling the 
so-called transitional cells.” In accord with Ehrlich’s view that all leuco- 
cytes, excepting lymphocytes, are transitional cells which ultimately be- 
come granular, Pratt’s text shows that the cells referred to were becom- 
ing such, since “they were surrounded by a rim of but slightly granular 
protoplasm,” while the nucleus was “nearly as irregular as that of the 
polymorphonuclear leucocyte” — the typical granular cells, which ingest 
bacteria. Councilman,'* in fact, observed that they were “frequently 
phagocytic.” 


Ritchie: Brit. Med. Jour.. Sept. 10. 1904. 

J. Pratt: Johns Hopkins Hosp. Reports, vol. ix. p. 265, 1900. 
M Councilman ; Jour. Boston Soc. Med. Sci., yol. iii, p. 99. 1899 
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The signs of the second stage, that of consolidation, or 
red hepatization, are clearly defined: The chest on the affected 
side hardly expands, while the other side does so with unusual 
vigor; abdominal breathing is also increased. Palpation elicits 
a marked vocal fremitus; percussion^ a woody dullness poste- 
riorly, and a clearer though dull note anteriorly and tympany 
over the normal adjoining areas — thus affording a means of 
estimating the limits of the area involved. Auscultation affords 
information as to the degree of engorgement : if the bronchi are 
permeable, moist rales, bronchial and tubular breathing are 
heard; such is not the case with choked tubes, however — an- 
other differential test, since the permeable areas can thus bo 
located. Bronchophony, pectoriloquy, or egophony may also be 
discerned immediately above the hepatized area. 

The consolidated area contains cells and detritus, as it did 
in the first stage, but now the leucocytes arc found, post-mortem, 
merged in with a copious network of fibrin-threads. This means 
that during life they were surrounded by a fiuid containing the 
three constituents — phosphorus-laden nucleo-protcid, oxygen- 
laden adrenoxidase and trypsin — which jointly digest as auto- 
antitoxin not only the bacteria, but also their toxins.* Indeed, 
the typical polymorphonuclear granular leucocytes and their 
granules arc found in large numbers often within the first forty- 
eight hours and thereafter. Death at this time is thought to 
be due to excessive accumulation of all the elements enumerated, 
since the fibrin is found to fill the air-cells, the small bronchi, 
etc., but as stated above, this is in reality a post-mortem change 
and the dense supply of fibrin only serves to prove that every 
available space is filled with the protective substances.* Many 
of these features are clearly illustrated in the annexed plate. 

As I have shown in the first volume of this work, the material 
found in the tissues and which causes them to be termed “fatty’* is not 
such: it is composed of the three constituents referred to above which 
during life are in the liquid state — all internal secretions. The presence 
of a ferment in the blood’Serum has been demonstrated recently by Del6- 
zenne and Pozerski,” and their results have been confirmed by Hedin.” 
The latter investigator states, among other facts, that “the serum of 
the ox contains a weak proteolytic enzyme, which acts in an alkalhn 
medium.** He closes his paper with the statement: “As to the origin 

• Author* 9 conclusion. 

i^Deldzenne and Pozerski: C. r. de la Soc. de blol., T. Iv, pp. 327, 690, 693. 
1903. 

i^Hedln; Jour, of Physiol., vol. zxx, p. 196, 1903. 
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of the enzyme, nothing can be stated at present. Yet it should be re- 
membered that a similar enzyme has been found in the leucocytes of the 
spleen, and it therefore does not seem to be impossible that the serum 
protease should be derived from the leucocytes in the blood or in other 
organs, either by a destructive process, which might set the enzyme free 
or by an act of secretion,” the latter referring doubtless to secretion by 
the leucocytes. That the cells which secrete the antitoxic and bacteri- 
cidal bodies are present in this stage is shown by the statement of Pratt 
that in 50 autopsies the typical-cells, the polymorphonnclcars “were 
the predominating cells in almost all the cases dying after the third 
day,” and that “they often appeare<l in large numbers within the first 
forty-eight hours.” The experiments of Rosenow^ showed that “the 
higher the leucocytosis, the fewer the number of pneumococci in the 
circulating blood.” In 7 cases wdth a leucocytosis ranging from 35,000 
to 43,000, “the number of pneumococci which developed was very small 
indeed, varying from 0 to 25 per cubic centinietor of blood.”- As these 
germs are the source of the toxins, the importance of the protective 
process I describe is self-evident. 

When the third staciE, that of gray hepatization, [irogresses 
favorably, it becomes the stage of resolution, for the abnormal 
physical signs enumerated gradually disappear. The nilcs in 
the bronchi become coarse and moist; tliis is followed by bron- 
cho-vesicular breathing which ultimately disappears. Consid- 
erable dullness over the affected area, however, may be elicited 
in some cases long after recovery. 

The onset of this stage in the lung is attended by a still 
greater influx of leucocytes and a marked decrease of the red 
cells and plasma. Hence the gray — and in old subjects the 
granite-like — appearance at this stage which contributes a large 
share to the mortality of the disease, owing to the interference 
with the respiratory process and the increased labor imposed 
upon the heart. 

When it marks the onset of resolution, however, it is because 
the accumulated leucocytes embody the elements necessary for 
their own liquefaction, i,e., their nuclein and trypsin. With 
the aid of the adrenoxidase in the red cells and plasma these 
leucocytes undergo a process of digestion, i.e., conversion into 
a purulent liquid which is cither expectorated or carried to the 
blood by way of the lymphatics for final conversion into pro- 
ducts of elimination.* At this time large phagocytes are also 
found in the pulmonary mass of detritus, which ingest in the 
main the identical polymorphonuclear leucocytes which now con- 


♦ Author's conclusion. 

^*RoBenow: Jour, of InfectiouB DIb.. Mar., 1904; Jour. Amer. Med. Abboc.. 
Mar. 18. 1906. 
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stitute the only source of danger. These various steps are fol- 
lowed by the proliferation of new alveolar and bronchial epithe- 
lial cells^ and finally by the reconstruction of the disintegrated 
areas. 

The actual presence of a substance — such as trypsin — capable of 
digesting not only bacteria and their toxins, but also the cellular ele- 
ments themselves, is well shown by the investigations of Flexner^ in a 
large number of lungs obtained at autopsy. Salkowsky having demon- 
strated in 1882 that ferments played a very imi)ortant rOle in physio- 
logical as well as pathological conditions, Flexner found that this was 
applicable to pneumonia in that autolysis occurred both in the stage of 
red hepatization, though imperfectly, and in that of gray hepatization, 
in which it took place rapidly and perfectly. 

The presence of the large phagocytic cells referred to is well shown 
by the following statement of Pratt’s: “They were found in nearly every 
case (50). Latti in the disease they were often present in enormous num- 
bers.” As to their contents, he writes: “Hed corpuscles, lymphocytes, 
and plasma-cells were occasionally seen, but the most common inclusion 
was the polymorphonuclear leucocyte. Often only nuclear fra^nents or 
partially digested cells were found. They also contained bacteria.” 

The crisis may occur any time between the third day and 
the end of the second week, but in most cases it occurs between 
the fifth and the ninth day. When it is near at hand the spu- 
tum becomes purulent and more abundant, and is eliminated 
with comparative ease. This sign, combined with the pro- 
nounced fall of the temperature, the relative comfort, a refresh- 
ing sleep, and sometimes free perspiration which characterize 
the crisis, points to the latter as being the true crisis, in con- 
tradistinction to the pseudo-crisis sometimes observed. These 
temporary falls of temperature may occur quite early, and recur 
several times. As previously stated also, the true crisis is usu- 
ally preceded by a more or less sudden rise of one or more 
degrees. The gradual fall to normal or slightly below takes 
from eight to twelve hours. 

The crisis marks the time when the bacteria and their toxins have 
been overcome by the tody’s auto-protective elements, the phagocytic 
cells and the blood’s antibodies. Important in this connection, however, 
is.the accumulation of toxic wastes and worn-out leucocytes in the blood. 
Welch^ found that the blood of a person convalescing from pneumonia, 
three or four days after the crisis, was rapidly fatal to rabbits. Rose- 
now” also concludes from his observations that “patients with excessively 
high leucocyte counts are apparently more prone to the development of 
empyema and other complications.” These features are closely related to 
the treatment adopted, since the use of appropriate measures prevents 
the accumulation of these worn-out cells by facilitating their removal, 
destruction in the blood-stream, and elimination. 

^ Flexner: Univ. of Penna. Med, Bull., vol. xvl, p. 186, 1903. 

n Welch: Medical Record. May 14, 1898. 

asRosenow: Jour. Amer. Med. Assoc., Mar. 18, 1905. 
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ComplicatioiiB. — Pleurisy is probably present in all cases 
excepting those in which the central portion of the lung is alone 
consolidated. It is sufficiently intense sometimes to warrant the 
term pleuro-pneumonia. The onset of pleurisy is attended by 
a rise of temperature, a sharp local pain, and the friction sound ; 
and if empyema follow, by a marked increase of the leucocytosis 
and obscuration of the typical auscultatory signs of pneumonia. 
Endocarditis is observed in about 1 per cent, of the cases and 
aggravates the prognosis, since it occurs usually in persons suf- 
fering from some valvular disorder. The pulse is usually rapid 
and weak, the fever irregular, and there is considerable weak- 
ness. Rough murmurs are usually discernible. Embolism may 
occur in various parts of the body: the right ventricle and the 
lungs especially, the brain (causing aphasia and sometimes hemi- 
plegia), and, rarely, in the larger arteries peripheral venous 
thrombosis has also been observed. Pericarditis is not infre- 
(juently caused through extension, it is thought, of the pleuritic 
inflammation. Among other possible complications are arthritis, 
parotitis, and peripheral neuritis, otitis media, metastatic oph^ 
thalmia, nephritis, stomatitis, hepatitis, and cholecystitis. 

When empyema develops, the patient’s life depends upon its early 
discovery and appropriate treatment. In 860 cases of pneumonia studied 
by Hale White and Chaning Pearce at Ouy’s Hospital,” 26 developed 
pyemia, i.e., 3 per cent. They attach great importance to a localized 
painful urea and to tedema of the chest-wall. The temperature falls 
when crises should occur, but remains around 100® F. (37.8® C.) or 
thereabouts, and after three or four days rises again, there being an 
evening exacerbation. Endocarditis is ascribed by Preble” to the 
pneumococcus in almost all cases. It is oftencr on the left than on the 
right side, but the tricuspid and pulmonary valves are affected four 
times oftener than in ordinary endocarditis. EmlK)li occur in one-half 
of the cases. On the continent of Europe cardiac complications are evi- 
dently rare: von Brach” only found in a total of 5738 cases of 
pneumonia 0.2 per cent, of endocarditis and 0.5 per cent, of pericarditis. 

Etiology and Pathogenesis. — The primary cause of pneu- 
monia is a deficiency in the body at large and in the air-cells 
of the lungs, of the auto-protective elements, Le., phagocytic 
leucocytes and auto-antitoxin. This deficiency, in turn, is due 
either to general adynamia, or to a temporary lowering through 
various external agencies of the temperature of the mucous 
membrane of the bronchi and alveoli.* 

• A uthor’a concluaion. 

^ Hale White and Chanlng Pearce: Lancet, Nov. 10, 1900. 

Preble: Amer. Jour. Med. Scl., Nov., 1904. 

^vonBrach: Cited by Schatsky: Rouasky Vratch, Oct. 4, 1903. 



1668 INTERNAL. SECRETIONS IN PATHOGENESIS AND TREATMENT. 

The first of these faetors, general adynamia, is brought on 
by eonditions now known to impair the so-ealled ^^vitality,” i,e., 
debilitating diseas(?s, deficiency of food, alcoholism, overwork, 
confinement in overpopulated quarters, such as workhouses, 
prisons, tenements, etc., where aeration is defective and sunlight 
scarce. 

Cities furnish tlio largest proportion of deaths. Tn a single work- 
house at Middleshorough, England, Ballard"'* witnessed 4.*1 cases. Hod- 
man” oWrved 118 cases in a prison containing 735 inmates. Daly” 
treated successively four brothers, then their mother. The latter 
having succumbed, her mother, who had come to attend the burial, also 
acquired the disease and died. Equally suggestive examples of the 
contagiousness of the disease have Iwieii observed by M osier,” A. Ross 
Matheson,” Hamilton,” Newsholme,” Kiihn,” Zimmermann,” and Soko- 
loflr.“ The latter author concludes, after an analysis of 2360 cases, that 
pneumonia can be transmitted from patient to patient in hospital wards. 
By isolating the patients and disinfecting the wards previously occupied 
by them, Sokoloff obtained a marked reduction both of the number of 
cases and of the complications in those isolated. That infection can 
occur from contaminated quarters was further shown by Jaworski and 
Chrostowski,” who treated five cases in a house which had not been free 
from pneumonia since 1860. 

There is a marked predisposition to pneumonia during the 
first five years of life. The large proportion of deaths in chil- 
dren under one year old is due to artificial feeding, the infant 
being thus deprived of the antitoxin which the mother’s milk 
alone affords; in cow’s milk, which is, of course, used some 
time after being drawn, the adrenoxidase is reduced by the 
nucleo-proteid, and the antitoxin is thus decomposed.* A period 
of fifteen years is then passed during which the body is less 
susceptible to tlic pathogenic elements of this disease, but after 
the age of twenty years there is a steady increase of vulner- 
ability until old age is reached, when, with increasing years, 
the death-rate is very large. 

This is illustrated in the table given below, prepared from the last 
two (United States) censuses published. It gives the proportion of 
deaths during each census year for the five periods of life mentioned 
therein per thousand cases of pneumonia: — 

• Author' H ronvluftion. 

^ Ballard: Lancet, June 23, 1888. 

” Rodman: Amcr. Jour. Med. Sci., Jan., 1876. 

“Daly: Lancet, Nov. 12, 1881. 

“ MoBler: Deut. mod. Wocli., Bd. xv, S. 24.'5, 274, 1889. 

“A. Robb Matheson: Brooklyn Med. .lour., Apr., 1888. 

Hamilton: Brit. Med. Jour., May 20, 1899. 

“NewBholme: Practitioner, Jan., 1000. 

“KUhn: Berl. kiln. Woch., Bd. xxv, S. 337, 1888. 

“ZImmermann: Corrcspondenzblatt f. schwelzer Aerzte, Bd. xxll, S. 637, 
1892. 

“ Sokoloff: Bolnichnaja Gazeta Botkina, No. 29. 1890. 

“Jaworski and Chrostowskl: Jour. Amer. Med. Assoc., Dec. 1, 1888. 



PNEUMONIA. 


1669 


Per 1000 Cases of I^eumonta. 

Census Year. First 5 Years. 5 to 19. 20 to 39. 40 to 59. 60 and above. 
1890 304.7 70.2 195.8 203.9 225.4 

1900 382.6 59.1 147.6 171.5 239.2 

The highest death-rate is thus shown to be borne by the two ex- 
tremes of life. The inHueiiee of maternal milk on the mortality of in- 
fants is a complex subject which cannot be treated in this work. An 
article on this question will a[)pcar in some medical journal at an early 
date. 


During mitldle life (between twenty and fifty-nine years) 
pneumonia occurs more frequently among males tlian females, 
owing to the greater CA'posure and liardsinps to which the former 
are e.xposed. From the fifth to the twentieth year, however, ix., 
during childhood and adolescence, and during old age, the op- 
posite is the case. This is accounted for by the greater vulner- 
ability of the weaker sex. 

During the census year 1890, the excess over females during this 
period of life was 22 per cent., and in 1900, 20 per cent.; but in early 
infancy, i.e., up to 5 years, the diflference between sexes is insignificant. 
Thus in 1890 it was 0.04 per cent, in favor of the males, and in 1900, 
0.03 per cent, in favor of the females. From the fifth to the twentieth 
year, however, which includes the periods of childhood and adolesence, 
a noteworthy feature asserts itself: 'I'he females preponderate during 
both census years: 20 per cent, during 1890 and 10 per cent, during 
1900. After the sixtieth year the preponderance of females over males 
is striking: in 1890 it was 25 per cent, and in 1900, 39 per cent. 

Traumatism of the chest, a coutusion, fractured ribs, etc., 
may lead to pneumonia even without giving rise to a solution 
of continuity of the pulmonary tissue. This is due to the dis- 
turbing effect of concussion on the pulmonary cellular elements, 
and to the consequent weakening of the local defensive proc- 
esses.* 

This form of pneumonia has been termed by Littcn” ‘^contusions 
pneumonic.** Souques*” studied 49 cases due to blows upon the chest 
without solution of continuity of the pulmonary parenchyma. He found 
a pleuro-pneumonia in the majority of cases, but the course of the pneu- 
monia in all instances did not differ from that of cases usually ascribed 
to infection. He found j)neumococci in the sputum of his cas(?s. Man- 
dillon,®"^ CJauthier,*” and others have found the pneumococcus in abscesses 
developed under such condition.^. In a case, immediately following a fall 
upon the pavement, witnessed by Sehild*^ the typical lesions of croupous 
pneumonia w^ere present, though the injury of the thorax had been in- 
sufficient to be recognizable. 

• Author* s conclusion. 

*7Lltten: Zelt. f. kiln. Med., Bd. v. S. 26. 1862. 

“ Souques: La presse m^dicale, T. vll, p. 109, 1900. 

**Mandlllon: Jour, de mOd. de Bordeaux, vol. xxvl, p. 260, 1896. 

" Gauthier: Lyon medical, T. xcv, p. 329, 1900. 

Schild: Mttnch. mod. Woch., Bd. xllx, S. 1069, 1902. 
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Exposure to cold and diy air— not damp air as is generally 
taught — ^predisposes to the disease^ but only where the pathog^ic 
organisms are present in the respiratory tract. 

Pneumonia is less frequently met with in rural districts than in 
cities. It is only exceptionally met with among sailors. Sallard^* states 
that it was extremely rare among Napoleon’s troops during the retreat 
from Moscow notwithstanding "the extreme hardships experienced. In 
large centers, Paris, for instance, similar conditions give rise to dissimi- 
lar results, for hackmen contribute largely to the yearly contingent of 
victims. Under such conditions exposure to cold is a prominent factor. 
In 79 cases recorded by Chomel, cold is incriminated 14 times, while 
Grisolle found this cause to prevail in 45 of 205 cases. Dampness is 
thought to increase the morbid effect of cold air, but H. B. Baker^ has 
shown conclusively that this belief is based upon an erroneous inter- 
pretation of the actual condition of the air when it is said to be cold 
and damp. Cold air can hold relatively little moisture because its mole- 
cules are close together ; warm air, on the other hand, can accommodate 
considerable since its molecules are far apart. Indeed Guyot’s tables^ 
based on Regnault’s experiments show that air at zero F. contains per 
cubic foot (absolute humidity) when saturated with pure vapor, ^ grain 
Troy; at 32 degrees it contains 2 grains; at 70 degrees, 8 grains; at 
08 degrees, 18.69 grains. It is cold, dry air, therefore, which lowers the 
resistance of the tody to infection. 

Eiher-^pneumonia is due to a similar condition.* The anses- 
thetic^ owing to its rapid evaporation from the bronchi and 
alveoli, lowers the temperature of the broncho-alveolar epithe- 
lium, and of their contents. As ferments are activated, by heat, 
this lowering of the temperature inhibits the activity of the 
proteolytic ferment in the leucocytes and the auto-antitoxin in 
the juices of the air-cells and bronchioles, which, under normal 
conditions, destroy the pathogenic bacteria and their toxins.* 
The germs are thus allowed to increase and to cause the disease. 

This exemplifies the action of inhaled, cold, dry air as well. 

General adynamia proves pathogenic in the same way, 
though indirectly. Starvation, squalor, fatigue, etc., entail in- 
adequate nutrition not only of the body at large, \mt also of 
the organs that constitute the adrenal system, including the 
pituitary body.* As a result less adrenoxidase and trypsin are 
formed, and fewer leucocytes are present, in the blood.* Again, 
the epithelial lining of the alveoli and the fluids bathing them 
are inadequately supplied with its protective constituents, and 
infection occurs if the pathogenic bacteria present are those of 

* Author*a concluHon. 

^ Ballard: **Manuel de mddeclne,*' Paris, 1896. 

«*H. B. Baker: Ann. Report of Micb. SUte Board of Healtb. IM. 

^ Ouyot: Smithsonian Meteor, and Phys. Tables, p. 89 F., 1898. 
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pneumonia^ and if their number is sufficiently great to escape 
what protective elements are present. 

Metchnikoff, Bordet, Ehrlich, Morgenroth, Zimmermann, and others 
are in accord as to the fact that it is this substance which enables the 
complement (the trypsinlike agent in the blood) to destroy wornout 
blood-cells, bacteria, etc. The complement being endowed, according to 
Ehrlicli, with digestive powers, the immune body brings it into contact 
with the pathogenic elements, and these are dissolved. It is as certain 
that leucocytes containing this trypsinlikc ferment and capable of shed- 
ding their nucleoproteid granules are present in the alveoli. Finally, 
since it is here as I have shown that the adrenal secretion becomes con- 
verted into adrenoxidase, it is here tliat this substance must be en- 
dowed with its higlicst efficiency. 

The micrococcus or diplococcus lanceolatus of Frankel is 
generally considered as the specific organism. It has been found 
in all portions of the respiratory tract, and in hejilthy individuals 
in the mouth, nose, Eustachian tubes, and larynx, and may per- 
sist a long time in the saliva of persona who have suffered from 
the disease. These organisms, and others that may be present in 
the air inhaled, pullulate in the bronchial fluids and even in 
those of the alveoli when the local defenses are inadequate. 

Andrew IT. Smith" compares infection to a “process of germ-cul- 
ture going on in a culture medium, each air-cell acting as a tiny test- 
tube, and filled with this culture medium.*’ Pasteur and Netter have 
found the micrococcus lanceolatus in the buccal secretions of 20 per cent, 
of well persons and accept Groasiiiann’s view" that the pathogenic micro- 
organisms of pneumonia are “drawn downward into the respiratory tract 
by aspiration during ether narcosis,” the type, we have seen, of exist- 
ing conditions provoked by a rcnluction of the ttunperature in the alveoli, 
however produced. 

The pneumocoeem of Friodlander is another organism 
thought capable of provoking pneumonia. It differs from the 
diplococcus lanceolatus in being single instead of in pairs, and 
in being oval instead of pointed at one end, i.e., “lancet-shaped. 
In some cases it is the only bacillus found. When this bacillus 
penetrates the blood the case is greatly aggravated. It is also 
found in pure culture in the various organs which become the 
seat of complications. It is often present in connection with 
pyogenic organisms, especially the streptococcus. Hence the 
name “streptococcus pneumonia” given to some cases of the 
disease. 


«A. H. Smith: Medical Record, Nov. 18, 1899. 
GroBBmann: Deut. med. Woch., Bd. xxi, 462, 188S. 
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That cases in which the pneumococcus is found in the blood offer 
a very unfavorable prognosis was noted by Sello/’ Of 12 out of 48 cases 
(selected from a series of 750) in which it was present, 10 died. Of the 
balance of his cases, 36 in which the pneumococcus was not found but 7 
died. This was confirmed by Cole^ after a study of the blood of 129 
cases, and of the literature of the subject. “The organisms obtained from 
the more severe and fatal cases” were “either more numerous or more re- 
sistant to unfavorable conditions.” Sachs*** witnessed a case in which 
practically all organs were the seat of abscesses due to the organism, 
instances in which it was found alone in the tissues and lungs, have been 
reported by Philippi,®'* Stilhlern®^ and others. In a report of an epidemic 
at the Leavesden Asylum, Sinigar®** emphasizes the virulence of this or- 
ganism. Interpreted from my standpoint, the presence of any bacillus 
in the circulation moans insulficiency (d the adrenal system and a marked 
diminution of the blood’s bactericidal properties. Indeed, Mil Her®® ob- 
served experimentally “destruction of the bacteria by the juices of the 
lungs.” 

Treatment. — This may be divided into two general indica- 
tions: (1) to enhance by appropriate remedies thq protective 
activity of the blood^s immunizing cells and fluids, and (2) to 
sustain the efficiency of the protective resources of the body 
by measures which arc known to preserve the physiological 
fluidity and osmotic properties of the blood. 

Agents which Enhance the Activity op the Immu- 
nizing Process. — The efficiency of the blood^s bactericidal and 
antitoxic properties can be increased by the use of agents which 
enhance the functional activity of the adrenal system and simul- 
taneously tend to inhibit the multiplication of bacteria in the 
lungs.* 

Creosote carbonate, administered early, is as nearly a spe- 
cific in pneumonia as quinine is in malaria, provided sufficiently 
large doses, 10 to 15 grains (0.6 to 1.0 gm.) be given frequently 
enough, Le., every two or three hours. It is in fact the physio- 
logical specific of pneumonia, since by depressing the sympa- 
thetic center it causes dilation of the arterioles, thus enabling 
arterial blood to circulate with greater freedom through the 
diseased area; while by stimulating the test-organ and thus 
promoting the production of auto-antitoxin, it enhances the 
destruction of the pathogenic germs and their toxins.* 


• Author's cmcluMion. 

«Sello: Zelt. f. klin. Mod., Bd. xxxvl. S. 112, 1899. 

Cole: Johns Hopkins Hosp. Bull., June, 1902. 

"Sachs: Zelt. f. Hellk., Bd. xxlll, S. 384, 1902. 

“Philippi: Mttnch. med. Woch., Bd. xllx, S. 1884, 1902. 

** Stlihfern: Cent. f. Bakt., Bd. xxxvl, S. 493, 1904. 

“ Slnlgar: Lancet. Jan. 17, 1903. 

“ MUller: Deut. Archlv f. kiln. Med., Bd. Ixxl, S. B13, 1901. 
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Creosote carbonate produces no gastric disorders, and al- 
though the urine is sometimes rendered smoky, it causes no 
renal or cystic disturbance, even when the above doses are in- 
creased two or three times. The accumulation of toxins which 
occurs under other treatments does not take place, owing to the 
feehle resistance of the specific organism of pneumonia and the 
influence of the remedy, and the crisis is often replaced by 
lysis. The fever may, in fact, disappear within forty-eight 
hours. It is usually given in a solution of glycerine and pepper- 
mint water, but, though an oily liquid, it may be readily given 
in capsules, followed by a mouthful of water. It must be con- 
tinued some time after subsidence of the fever, to avoid recur- 
rence. 

The use of thiq agent in pneumonia was introclueed by Cassoiite of 
MarscillcH in 1898, and it has grown to be regarded by many observers, 
ineluding A. 11. Sinitli®^ and W. If. Thomson, “ as the most elTicaeious 
remedy at our disposal. In a scries of 1130 cases treated by various 
practitioners and collected by I. L. Van Zandf'® the mortality was only 
5 per cent. In sixteen personal cases Van Zandt had no deaths. Tuttle 
and Carter” recently reported 600 cases treated by them in six years. It 
reduced their mortality from 22.8 to 7 per cent. Haldwin, of Rome,” who 
gives as much as 30 to 40 minims (2 to 2^4 gm.) every three hours, had 
18 consecutive cases without a death, while the prevailing type of the 
disease was fatal. Scott and Montgomery®® had a mortality of 14.9 in 67 
cases. But thtsy gave it every four hours only, whereas the other obser- 
vers named gave it oftener, t.c., every 2 or 3 hours, thus sustaining the 
bactericidal action of the remedy. Kqually good results are obtained in 
children as shown in the series of cases reported by Seifert,” Louis 
Fischer,"' and several Kuropean observers. Conv(*rsely, C. F. Stokes of 
the Navy®-* gave creosott? carbonate successfully in cases ranging from 
25 to 74 years, the latter being a very severe case. Wilcox” treated 33 
cases without a death — avoiding all other drugs. Tt has been highly 
recommended by J. B. Philips,"' Burdett OH.^onnor,"" Fletcher,"® and 
others. Beverley Robinson"’ considers creosote vaporized in the patient’s 
room valuable as a prophylactic. 

Sodium salicylate baa properties similar to creosote car- 
bonate, and has given equally good results. By exciting tlic 
test-organ it provokes an increase of auto-antitoxin, including 

“A. H. Smith; Med. Rec., Mar. l.'i. 1902. 

»W. H. Thomson: Ibid., Feb. J, 1902. 

I. L. Van Zandt, Ibid., Oct. 18, 1902. 

^ Tuttle and Carter: Cited by A. H. Smith: Amor. Therap., Jan. 15, 1905. 

“Baldwin: IbUl. 

“Scott and Montgomery: Therap. Gaz., Den. 15, 1903. 

“ Seifert: N. Y. Lancet, Dec., 1899. 

Louis Fischer: Archives of Pediatrics, Feb., 1903. 

“ C. F. Stokes: Drooklyn Med. Jour., Aug.. 1900. 

“Wilcox: Amer. Jour. Med. Scl., Sept., 1902. 

“J. B. Philips: Carolina Med. Jour., Nov., 1900. 

“ Burdett O'Connor: Northwest Medicine, Feb., 1906. 

“ Fletcher: Canada Lancet, Feb., 1907. 

“ Beverley Robinson : Medical Record, Apr. 7, 1906. 
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thyroidase, in the blood, and by exciting simultaneously the sym- 
pathetic center, causes the arterioles to propel the blood with 
increased vigor into the diseased area, thus enhancing mark- 
edly the bacteriolytic and antitoxic process.* But it often pro- 
vokes excessive sweating, tinnitus aurium, severe headache, and 
sometimes hsematuria. It is also contraindicated when cardiac 
lesions are present. Conversely, it reduces the pleuritic pain 
and the thirst causes defervescence by lysis and greatly reduces 
the severity of the disease. It may be given in 8 to 10-grain 
(0.5 to 0.66 gm.) doses, every two hours, to adults, when creo- 
sote carbonate is not obtainable. 

Although Talamon and Tjecorch(^" failed to hasten defervescence, 
DeBecker** found it exceptionally valuable in infantile pneumonia. Seb- 
ring^** had only one death in 100 cases, some of which received the salicy- 
late alone. It is also recommended by Sir Hermann Weber^^ and Dc- 
Bccker. Pye Smith^ limits its use to cases complicated with rheumatism. 
F. D. Reese” recently reported twenty-one cases of pneumonia with but 
two deaths, one of the fatal cases being a woman of 83 years. 

Among other agents of this class which have been tried and aban- 
doned are creosote, carbolic acid, eucalyptol, and naphthol, owing to the 
irritating action on the kidney. 

Quinine likewise floods the diseased area with blood rich in 
auto-antitoxin.* But this result is not obtained with small doses, 
since these only excite the vasomotor center and raise the blood- 
pressure.* Large doses, however, increase powerfully the pro- 
pulsive activity of the arterioles by exciting the sympathetic 
center, and simultaneously the adrenal center.* So far it acts 
much as does sodium salicylate. Quinine is endowed with an 
additional virtue, however: that of acting as a direct bacteri- 
cidal agent, the pneumococcus offering but slight resistance to 
agents capable of acting as does quinine upon the plasmodium 
malariae.* 

Quinine in large doses may thus be effective in pneumonia 
because it causes the arterioles to flood the diseased area with 
blood rich in auto-antitoxin and an additional and powerful 
germicide.* Creosote carbonate {vide supra) however, is safer. 


* Author* s conclusion. 

** Talamon and Lecorchfi: *'Th6rapeutlque Appllqu^e,” Robin, 1896. 
^ DeBecker: Ann. de la Soc. de m6d. d' Anvers, vol. lx, p. 66, 1898. 
^ Sebrlng; Medical Record, Apr. 22, 1899. 

^ Sir Hermann Weber: Practitioner, Peb., 1900. 

”Pye-Smith: Medical Record, Apr. 21, 1900. 

”F. D. Reese: Medical Record, Nov. 26, 1904* 
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Quinine has been used by a few European clinicians, some, Juer- 
gensen,*'^ having given it in 6-gram (77 gr.) doses. Recently W. J. 
Galbraith, of Cananea, Mexico,” called attention to the great value of 
this mode of treatment, emphasizing, however, the need of very large 
doses — a view thoroughly sustained by the interpretation of its action 
I have submitted. Ilis method is as follows: “First a warm bath, fol- 
lowed by a calomel or phosphate of soda purge. The first dose of qui- 
nine is given three hours later provided the stomach is not disturbed. 
If the temperature is 105® F. (40.5® C.) or over he gives from 60 to 70 
grains (4 to 4.6 gm.) of quinine sulphate, followed in an hour by 
usually half the same dose. If the temperature ranges between 103® 
and 104® F. (39.5® and 40® C.), from 40 to 50 grains (2.6 to 3.3 gm.) 
are given as above. If a lower temperature is found, he gives 40 grains 
(2.6 gm.), his minimum initial dose, llie use of the tincture of the 
chloride of iron is begun within three or four hours after the second dose 
of quinine, and in doses ranging from 10 to 15 minims (0.6 to 0.9 c.c.) 
at intervals of from two to six hours, depending on the condition of the 
pulse. In case the temperature rises to 101® or 102® F. (38.3® or 38.9® 
C.), after it has reached the normal or subnormal mark, he adminis- 
ters from 40 to 50 grains (2.6 to 3.3 gm.) of quinine at one dose and 
(xmtiniies the iron in 15 minim (0.9 c.c.) doses every three or four 
hours. He protests against any compromise in the way of dividing the 
doses of either iron or quinine during the active pneumonic stage. If 
the stomach is rebellious it may usually be overcome by chloretone or 
pepsin and giiaiacol. Tie dresses his patients with as light-weight cloth- 
ing as possible and provides thorough ventilation and advises plenty of 
liquid nourishment.” A number of physicians, Drs. Gustetter, Carpenter, 
Haney, Butzow and Dudley, all of Cananea, — where the mortality of 
pneumonia is exceedingly high owing to the atmospheric conditions and 
the altitude, — have condrnied his observations in their own practices. 
From 75 per cent, in a very large number of eases, Galbraith’s mor- 
tality, for example, dropped down to 2 per cent. Gustetter” of the Ma- 
rine Hospital Service in the same region, reduced his average mortality, 
80 per cent., to no death in the 30 cases with the same treatment, 
S. Solis-C'ohcn” advocates the use of the soluble double hydro- 
chloride of quinine and urea in 50 per cent, solution by intramuscular 
injection, with fresh air. When the bhM)d-preHSure is low, he adds in- 
jections of cocaine hydrochloride solution or an extract of posterior 
pituitary. In c.ases of prolonged fever and delayed convalescence, he also 
uses pi\eumococcus or mixed vaccines. 

An important feature connected with the treatment of 
pneumonia is the preservation of the normal osmotic properties 
of the body fluids.* If the blood is abnormally viscid, as is the 
case when its alkalinity is low, its bacteriolytic and antitoxic 
pro])ertics are so hampered that the beneficial effects of the 
remedies are greatly compromised.* 

Agents wjiich Preserve the Efficiency of the Protec- 
tive Resources. — Blood Salts, — ^This object is met by supplying 


• Author* a conclusion. 
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to the blood the salts it requires in order to conserve its normal 
fluidity and its normal properties. By thus facilitating the 
circulation of blood in the tissues, including the lungs, the latter 
are not only supplied with the protective elements available to 
disintegrate the bacteria and their toxins, but the toxic and acid 
wastes are freely drained into the blood-stream and transformed 
into eliminable products. 

The salts of the blood “have most important functions” recently 
wrote Howell,’® “they mainUiin a normal composition and osmotic pres- 
sure in the liquids ami tissues of the body.” . . . “Moreover, these 

salts constitute an essential part of the composition of living matter.” 
Jacques Loeb*"‘ also states that, “the sodium ions of the blood as well as 
of the sea-water, are essential for the maintenance of life-phenomena.” 

In the first volume I pointed out that in pneumonia a large 
amount of sodium chloride w’as consumed; that owing to re- 
stricted diet or anorexia, the patient received an inadequate 
supply, and that the vital and defensive functions being increas- 
ingly hampered, the chances of death were considerably in- 
creased.* 

The reader is referred to the first volume®' for the experimental 
evidence contributed by Metchnikoir, Hchring and Nissen, Paul, von 
Fodor, Bliimenthal and many others in support of this conclusion. 
Barlow** alluding to diminution of the blood’s alkalinity during fever 
says; “The cause of this change is quitch unknown . . . but what- 

ever the true explanation may be, it is probable that the change is highly 
important for the organism, for it is an unfavorable sign in febrile dis- 
ease, and it is known that diminished alkalinity of the blood goes hand 
in hand with increased susceptibility to infection.” 

In pneumonia the chlorides are soon diminished in the 
urine, then disappear entirely. Inasmuch as even moril^und 
cases are sometimes saved by saline solution hypodermoclysis, 
the need of sodium chloride is self-evident, and if introduced 
into the blood from the outset of the fever as suggested by my- 
self*® and not late in the disease as now practiced, the blood’s 
protective functions and its osmotic properties may be ade- 
quately sustained throughout the disease. 

Beale many years ago showed that the chlorides disappear from 
the urine to accumulate in the lungs. Tluehard also emphasized the im- 
portance of this symptom. Hutchison** found, on the other hand, that 

• Author’s conclusion. 
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the chlorides were taken up by all fixed tissues. Roehrich and Wiki“ 
observed tliat when the crisis occurs anil a rapid favorable change takes 
place, the chlorides suddenly become very abundant; but if defervescence 
is by lysis the increase is proportionately gradual, the normal proportion 
being reached in three or four days. Failure to rapidly increase is an 
unfavorable sign. IJenry, who first used hypodcrmoclysis in “desper- 
ately ill” cases'*'* nevertheless saved eight out of ten of these cases. As 
similar results have been obtained by others when all other means had 
failed, the physiological aid given by the salt is unquestionable. Yet, 
being recommended in text-l)Ook8 only for desperate cases, it is now 
rarely employed. Kwart and Percival*" for instance state tliat saline 
injections “were powerless to check the fatal course” in “the worst type 
of cases.” How can it be otherwise when the whole body is overwhelmed 
with toxins? 

llypodcruioclysis and intravenous injections of saline solu- 
tion involving tlie frequent use of a large liypodermic needle, 
thus giving pain and exposing the patient to abscesses, are not 
appropriate for repeated use. ^J'lie oral us(i of saline solution in 
the manner and under the conditions indicated on page 1367 
meets all therapeutic indications. Hypodcrmoclysis may be sub- 
stituted when, in advanced cases, an immediate effect is required. 

The oral use of saline solutions was introduced by J. B. Todd, of 
Syracuse, N. Y."** Inspired by my views, he employed it early in all his 
cases, with prompt and satisfaettory results. For an adult he gives 10 
grains (0.0 gm.) of sodium chloride and 5 grains (0.3 gin.) of potas- 
sium bicarbonate, dissolved in 8 ounces (250 gm.) of water. A tea- 
spoonful of lemon juice added to this mixture thus transforms it into 
an efl’ervescent beverage which is gratefully taken by the patient. This 
quantity may be given to febrile cases every two hours. The potas- 
sium bicarbonate antagonizes acidosis. J. Madison Taylor"" obtained 
similar efTects in the pneumonia of children. This corresponds with the 
results reached by predecessors who, though unaware of tlie infiucnce 
of salt solution on the immunizing processes, employed injections early. 
Thus in all cases in children reported by I.emaire,"® lie found tliat “the 
blood-pressure was promptly raised, diuresis was increased, the whole 
organism, notably the nervous system, was powerfully stimulated, oxida- 
tion was enhanced, and all recovered.” F. W. D’hivelyn,"' H. F. Thomp- 
son"® and others have also extolled the value of this measure in severe 
cases. 


Aoi 5NT8 wirTCTT CouNTRibXCT Astiirnta. — Wc liavc seen 
that cases in which Icncocytosis fails to occur, cither through 
general adynamia, alcoholism, or when, owing to a profound 
toxaemia, the toxins have caused adrenal insufficiency, the chances 
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•«J. B. Todd: N. Y. Med. Jour., May 20, 1905. 
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P. W. D’Evelyn: Medical Record, Dec. 30, 1905. 

**H. F. Thompson; Medical News, Apr. 25, 1903. 



1678 INTERNAL SECRETIONS IN PATHOGENESIS AND TREATMENT. 


of recovery are greatly reduced.* A deficiency of adrenoxidase 
being the direct cause of the adynamia, agents capable of in- 
creasing the functional activity of the adrenals are indicated.* 

Digitalis . — In asthenic cases of any kind and when hypo- 
leucocytosis is present, digitalis should be used besides the alka- 
line beverage and the creosote carbonate or quinine. This agent 
satisfies several* requirements: By powerfully stimulating the 
adrenals it strengthens the action of the heart and the propor- 
tion of auto-antitoxin in the blood.* As in asthenic cases, there 
is relaxation of the arteries, full therapeutic doses of digitalis — 
8 to 12 minims (0.5 to 0.8 gm.) of the tincture, or digitalin, 
Vio Ve grain (0.0005 to 0.01 gm.), arc required three times 
daily to obtain adequate effects. 

That digitalia provokes leuco<*ytosis was shown by Nacgeli-Aker- 
blom*^ and Borini.*^ Von Jaksi^h*" long ago emphasized the need of such 
an agent in pneumonia. Its action on the heart is familiar to everyone. 
All these properties plainly account for the remarkable results obtained 
by many clinicians since Traube in 1850 first suggested its use, and es- 
pecially since Pctrescu"® obtained a mortality of 1.2 to 2.6 per cent, in 
1102 soldiers. This was ascribed to the youth and vigor of these men, 
but as shown by Ij<^pine, Mosius, Finkcl, Landouzy and others, this 
reason is not valid. All clinicians agree, however, that in order to ob- 
tain lienedcial effects, large doses are necessary. Franc®' refers to 
equally good results obtained with digitaline. Beates®® and Arnold and 
II. C. Wood, Jr.,” have shown that the doses usually prescribed are prac- 
tically useless. 

To obtain a prompt reaction in asthenic cases, adrenalin 
has been found of value, especially where other stimulants fail. 
Its action differs from that of digitalis in being ephemeral in- 
stead of lasting. This is because digitalis stimulates the ad- 
renal center and sustains the physiological production of the 
adrenal secretion, while conversely, adrenalin only adds a small 
fraction to the total amount already in the blood.* Adrenalin 
may be given in doses of 15 minims (1 gm.) of a 1 to 1000 
solution, at short intervals according to the needs of the case. 
Adrenal extract, 3 grains (0.2 gm.), every two or three hours, 
has been found valuable as a general stimulant. This shows 
that thyroid extract in small doses, 3 grains (0.2 gm.) every 
three hours, would also prove efficacious. 

• Author^H concluHion. 
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E. A. Gray*"* used suprarenal extract in the above doses in six 
cases. The stimulation was marked; the heart reaetc^d promptly and 
the general symptoms were favorably influenced, especially in aged sub> 
jects. H. L. Eisner^"* used adrenalin with advantage in several cases. In 
one of these its use, after strychnine had failed, promptly increased the 
cardiac power and the blood-pressure. S. Solis-Cohen*"* prefers supra- 
renalin triturate given every ben minutes with a little sugar of milk. 

Other drugs have proven useful in this connection, namely, 
strychnine, pilocarpine, alcohol, strophanihus, atropine, caffeine, 
ammonium carbonate, and nitroglycerin given in the usual thera- 
peutic doses. 

Agents which Countekact Excessive Arteiual Ten- 
sion AND Pulmonary Engorgement. — When the disease oc- 
curs in strong plethoric individuals, the protective reaction is 
so violent sometimes that the lungs become excessively congested 
through undue arterial tension and the heart becomes overbur- 
dened. Marked dyspnoia and even cyanosis may then occur — 
conditions which some clinicians meet by bleeding. This meas- 
ure reduces the congestion, but, of course, at the expense of the 
blood^s protective constituents. Viewed in this light, bleeding 
is an unscientific measure and is not recommended, especially 
since wc have remedies capable of relieving the patient without 
compromising his prospects of recovery, 

Veratrum viride, by depressing the activity of the vaso- 
motor center, correspondingly diminishes tlie pulmonary en- 
gorgement since its main cause, excessive blood-pressure, is 
diminished through the resulting dilation of the great central 
trunks. The dangerous resistance to wdiich the heart is sub- 
jected is also removed because the ^^patient is bled into his 
own circulation,” as Wood says. The temperature is likewise 
lowered and perspiration is provoked. The tincture of veratrum 
viride may be used, 8 to 16 minims (0.5 to 1.0 gra.) (1905. 
U. S. P.) being given every two hours until the desired effect 
is produced. It is only indicated, however, in sthenic cases. In 
such, veratrum viride assists the curative process since it causes 
relaxation of the arterioles, thus admitting more blood — which 
is always rich in auto-antitoxin in sthenic cases — into the dis- 
eased area.* 

* Author* a concluaion. 

A. Gray: Medical Record, Apr. 6. 1902. 
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H. C. Wood"” states that altliougli veratnim viride can produce 
alarming symptoms, it is the safest of cardiac depressants. Dickerson,^'” 
Rittenhouse,"” Atkinson,’®* Hill,"” Stephens,'"* and others praise it highly, 
the last named after using it in 54 cases. Illoway'®” also found it valu- 
able in children in doses varying from to i/4 drop (2 to 4 drops, 1905 
U. S. P.) given every hour and a half. 

1 have obtained effects similar to those of veratrum viride 
by means of full doses of sodium bromide, i,e., 20 to 30 grains 
(1.3 to 2 gm.) every three hours, giving it only until the dysp- 
noea was relieved. Tlie cough and pain are also favorably in- 
fluenced. Its action is similar to that of veratrum viride: by 
causing general vasodilation it depletes the congested areas.* 
It is especially useful when there is delirium. 

When an immediate effect is required, Le., when there is 
great dyspnoea or (jyanosis, nitrite of amyl inhalations, which 
cause general vasodilation, are indicated, the effect being sus- 
tained with nitroglycerin given internally. 

The indiscriminate use of the latter drug, especially in sthenic 
cases, is a dangerous practice. As Hare states, “it has come to be em* 
ployed with the idea that it is a circulatory stimulant, which is an 
entirely erroneous conception.” 

The management of a case of pneumonia, in the light of 
my views, reduces itself as regards remedies to the following 
general principles: (1) creosote carbonate in any kind of case, 
sthenic or asthenic, or sodium salicylate if creosote carbonate is 
not available; (2) (juinine in asthenic cases, including alco- 
holics, the ill-fed, overworked and obese subjects; (3) digi- 
talis or thyroid gland, or in emergencies adrenalin, when tlie 
protective reaction of the adrenal system is deficient; (4) 
veratrum viride or the bromides when the vascular tension is 
excessive in sthenic subjects as shown by dyspnma, duskiness 
or cyanosis; (5) amyl nitrite and nitroglycerin when these 
symptoms become threatening; (6) saline beverages in all cases 
attended by fever.* 


• Author* s roncluHion. 
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BRONCIIO-PNKUMONTA. 

Synonyms. — Gayillary Bronchitis; Catarrhal Pneumonia; 
Lobular Pneumonia; Asyiration Pneumonia ; Dcylutition Pneu- 
monia; Sujfocativc Catarrh. 

Definition. — Broncho-pncmnonia, an inflammation of the 
broncliioles, lobules ami often of the pareneliyma of a circum- 
scribed portion of both lungs, is due to the multiplication therein 
of pathogenic organisms, particularly of the pneumo(!occus, 
streptococci us j)yogencs and stajfliylococcus |)yogencs' owing to 
a deficiency in the mucus and mucosa of the respiratory tracts 
of auto-antitoxin and phagocytes, which, under normal condi- 
tions, destroy these genus and their toxins. The deficiency of 
these protective agents may be due citluvr to local or general 
adynamia: local, as after anaesthesia, tracheotomy, prolonged 
inhalation of granite dust, etc.; general, as after debilitating 
diseases, or owing to marasmus, j*ickets, senility, etc., the pri- 
mary cause of which, in the latter case, is hypoactivity of the 
adrenal system.* 

Symptoms. — The development of broncho-pneumonia varies 
to a certain (‘xtent with the cause, but as a rule the onset is not 
sudden, as in pneumonia, because the initial phenomena are 
bronchial. These consist of a stubborn cough, a moderate rise 
of the temperature and pulse, vomiting and sometimes convul- 
sions. Jf it develops as a complication, the priiiiary disease 
changes its aspect; eruptions such as those of measles or scar- 
latina become less defined or disappear; the cough of pertussis 
loses its characteristic sound, etc. 

When the pneumonic inflammatory process develops, the 
temperature, from perhaps 100® F. (37.8® C.) that it was before, 
now rises — unless the original disease be a debilitating one — 
to 102® F. (38.9® C.) and abovci — as high as 101.5® F. (40.3® 
C.); the pulse becomes rapid : from 120 to 150; repeated slight 
chills occur, and the cough becomes more severe and harassing. 
The febrile process is extrcmiely irregular, both it and the pulse, 
which is, as a rule, feeble and frecpient, varying with the in- 
tensity of the pulmonary lesions and the fluctuations of the 


* Authors definition. 
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arterial tension. As a rule, however, the temperature gradu- 
ally rises during two or three days, remains at the highest point 
one or two days or more. Then occurs a remission, followed in 
turn by a new exacerbation, etc. The breathing becomes rapid, 
and the child soon shows evidences of distressing dyspnoea, until 
tinally the lips and face become cyanosed. This may be fol- 
lowed by a leaden line or lividity with dilation of the pupils — 
signs of impending dissolution. 

The child may pass away at this time, but often the accu- 
mulation ‘of carbon dioxide in the blood dulls sensibility; the 
irritable cough improves and though the lividity of the face con- 
tinues and the respiratory rate is very high, and the pulse 
suggests by its rapidity, weakness and irregularity a lethal 
trend, a change for the better occurs and the child is soon 
restored to liealth. 

The pliysical signs are mainly those of broncliitis; tine 
sibilant and mucous rfiles or sonorous ronchi arc heard on both 
sides, the percussion note being but slightly modified from the 
normal, though a slight increase in resonance is sometimes ob- 
tained. When the base of both lungs is involved, dullness over 
the diseased area, with some bronchophony and fine suberepi- 
tant rsilos suggests consolidation; but if these signs are fuga- 
cious, disappearing at one time to re-appear at another, they 
indicate temporary exacerbations of local (rongestion which 
cease as soon as conval(*scenee begins. 

In aged subjects the occurrence of broncho-pneumonia is 
very probable when dyspiuea suddenly occurs in the course of 
a bronchial catarrh, the respirations rising from 26 to perha])S 
40. Adynamia, dryness of the tongue and a high fever, delir- 
ium, etc., then follow in rapid succession, the typical physical 
signs of broncho-pneumonia soon becoming cvitlent. Cyanosis 
is a more serious symi)tom than in children in these cases, owing 
to the lack of recuperative vitality which senility entails. Hence 
the great fatality of the disease in such subjects. 

In adults especially in sthenic subjects, the dyspnma is apt 
to hecome severe very early, the fever soon rising to 104® F. 
(40® C.). I'he expectoration is free and often tinged with 
blood, and a red spot on both cheeks attests to the kinship of 
the condition present to lobar pneumonia, with the physical 
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signs of an intense bilateral bronchitis, and in many instances 
the general phenomena of a general typlioid state. 

In infants the disease occurs most frequently during the 
first six weeks of life. The infant refuses tlie breast and soon 
shows respiratory distress, some fever or perhaps hypotliermia. 
In some instances convulsions occur among the earliest signs 
of the disease, and are soon followed by its typical phenomena. 
It is very frequcmtly fatal, corresponding in this particular with 
the broncho-pneumonia of the aged. The mortality is especially 
great among bottle-fed children. 

ITnvdy"” in a stinly of 150 fatal eaaoH foiind that the mortality 
was 7.7 times as f^-eat in bottle-fed as in breast-fed children. This is 
readily accounted for in the light of my views by the fact that the 
maternal milk supplies the infant with auto-antitx>xin which protects 
it against inf(‘ctioii. Even fresh cow’s milk fails to do this, since tlio 
reactions to which the auto-antitoxin is submitted within a few min- 
utes aft(?r it is drawn, deprive it of its bacteriolytic and antitoxic prop- 
erties. The question is a complex one which I will treat elsewhere at 
length. 

Etiology and Pathogenesis. — Broncho-pnemmonia, as its 
name implies, is a combination of bronchitis and pneumonia, 
and occurs mainly in children before the third year and in aged 
siihjccts. It is occasionally observed in the adult. In children 
it may develop idiopathically, from a cold, beginning often 
with coryza or laryngitis, or botli, especially when the subjects 
are debilitated, aiuemic, poorly fed, etc. In about two-thirds 
of the cas(‘s, however, it occurs as a complication of measles, 
scarlet fever, pertussis, diphtheria, erysipelas, infantile diarrhma 
and variola, often owing to exposure to draughts, inadequate 
covering, etc., during convalescence, while the child is still w'eak. 
We thus have precisel}^ as in pneumonia, a debilitated body as 
soil for the development of the pathogenic organisms. 

The primary form is due to the pneumoeo(;cus, while the 
secondary form is ascribed to the streptococcus mainly, but also 
to other bacteria: the pneumococcus of Friedliinder, the ba- 
cillus of influenza, of typhoid fever, of tuberculosis, the bacillus 
coli communis, etc. Most of these are derived from the upper 
respiratory tract and the mouth. Broncho-pneumonia may also 
be caused by the inhalation of stone, steel, coal and other dusts, 
and by the aspiration of particles of food or, in the newborn, 
of lochial discharges. 

Hardy: Lancet, Sept. 24, 1904. 
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Samuel VVest‘'^ states that broncho-pneumonia is associated with 
several varieties of pathogenic organisms, the streptococcus, the staphy- 
lococcus, the tubercle bacillus and others, but that chief among all is 
the pneumococcus, which is present either alone or in association with 
others in at least 50 per cent, of the cases. The bucco- pharyngeal origin 
of the pathogenic organisms was shown by Pasteur, Netter, Thost and 
Besser.*^** Darier“* slates that the development of the disease is favored 
by diminution of the l>ody’s resistance to infection, and that all debili- 
tating inlluences predispose to it. Tyson”* also holds that “all influ- 
ences depressing to life, such as overwork, fatigue, the air of badly ven- 
tilated and crowded houses, insuflicient food, and defects of hygiene” 
act as predisposing causes. 

The debilitated condition of the organism at large being 
attended by a corresponding condition of the adrenal system, 
the pulmonary secretions arc inadequately supplied with auto- 
antitoxin and phagoc ytes, and the bacteria inhaled are free to 
multiply.* 1'lie bronchial fluids sexm become, therefore, laden 
with pathogenic baederia and what toxins some of tiiem may 
secrete. 'Fhcy excite, therefore, a primary bronchitis, a local 
inflammatory process, whieli extends from the bronchi to the 
bronchioles, causing bronchiolitis, the so-called ^^capillary bron- 
chitis.^’ 1'be bronchioles become obstructed througli the in- 
flammatory thickening of their walls and by the inspissated 
mucus secreted, and the alveoli no longer receive air. Hence 
the cyanosis, which corresponds in intensity with the number 
of alv(H)li rendered useless by the morbid process. 

Simultaneously another pathological condition is devcl- 
oj)ed, /.(?., involvement of the parenchyma of the lung surround- 
ing each inflamed bronchiole. As the corresponding alveolus 
becomes depleted of its air, it collapses (atelectasis) and is 
itself soon involved in the inflammatory process. As many 
inflamed bronchioles and alveoli arc merged together by a simi- 
lar process, an area of consolidation is finally formed. This 
docs not mean, however, that the inflamed structures are de- 
stroyed, for after death they arc usually found to have retained 
their anatomical conformation, and Jiiay be inflated by means 
of a tube inserted into a bronchus. But every evidence of a 
very acute inflammation is present, ca])able, if not arrested, of 
finally causing obliteration of such large areas of air-cells that 
life becomes impossible. 

• Author's conelmiqjt. 
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Important in this connection is the fact that the pulmon- 
ary lesions are partly auto-protectivc, in the sense that the 
inflammatory process lias for its purpose the destruction of the 
pathogenic organisms and their products, and the repair of 
destroyed tissues.* An intense hypcriemia is present, the 
blood-vessels being distended and tortuous, and the capillaries 
are so engorged that some are ruptured, allowing blood to ooze 
into the bronchi and stain the muco-purulent substances 
expectorated. 

It is this intense hypera^mia that is relieved when the car- 
bon dioxide accumulates to such a degree in the blood, that the 
little patient is brought to the verge of death.* If tlie con- 
solidated areas are so numerous that the oxygenation becomes 
inadequate, dissolution follows, but if a sufh(*ient proportion of 
the inflamed areas are still in a condition of atelectasis, the 
more or less rapid disgorgement of the capillaries of the bron- 
(^hioles opens up a corresponding number of alv(?oli.* The 
additional J^upply of oxygen the body now receives serves to 
tide it over the dangerous period, until another auto-protectivc 
factor asserts itself and brings on recovery, viz., the accumula- 
tion in the bhwid of toxic wast(\s.* Tnd(H‘d, gradually as the 
intake of oxygen is being reduced, catabolism Ix^comes steadily 
more inifierfect until such time when the tissues, owing to their 
superior aflinity for it, utilize all the gas available. Filled with 
toxic wastes, the hlood violently stimulates the previously 
torpid test-organ, and a flood of Jiuto-anti toxin and a host of 
phagocytes invade all the fluids of the body, including the blood 
of the diseased area, destroying the ])athogenic germs and their 
toxins, and the patiimt suddenly, as we have seen, becomes con- 
valescent.* 

Treatment. — All the cardinal measures that have stood the 
test of time in the treatment of this disease have a common 
physiological action: that of stimulating the adrenal center.* 
Calomel, one of the most aidive agents of this kind* at our 
disposal, is regarded hy many practitioners as the most eflicient 
initial remedy when given early and in suniciently large doses 
to produce catharsis after a few doses have been taken, t.e., 

^ ^/e ^rain (0.008 to 0.01 gm.) every two hours with sodium 


• Auihor*8 conclusion. 
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bicarbonate, for a child under one year of age. It enhances 
not only the production of auto-antitoxin, but also the vulner- 
ability of the bacteria to the phagocytes by increasing the pro- 
duction of thyroidasc, i.e., opsonin.* 

Suggestive in tliis connection is the fact that diphtheria 
aniiloxin has been used with success, from 1000 to 3000 units 
being injected. It should be renewed if necessary. 

Kdolheit of Vienna"* used calomel with success in broncho-pneu- 
monia, and held that its cliief property was to 2 )i‘«nwtc metabolic proc- 
esses. Marfan gives small doses every hour. 

Antitoxin was first tried by Montgomery Patou, of Australia, who 
considered it as a specific. It. was also used by Josi^jDli O’Malley, of 
Philadelphia,^^’* who was also led to conclude that it is a most valu- 
able agent, especially in secondary broncho-pneumonias, from 1000 to 
.3000 units being used in the cases reiwrtcd. UninteiTiii)ted convales- 
cence followed. 

Potassium or sodium iodide, which also stimulates the 
test-organ — and through it the adreno-thyroid center* — is also 
an efiicieiit remedy. It may be given to children in 1- or 3- 
grain (O.OOr) or 0.3 gm.) doses every 3 Jioiirs, with a tablespoon- 
ful or more of water. Iodoform in i/^-grain (0.03 gm.) doses, 
has also given excellent results. Its action is similar to that 
of the iodides. 

Albert Abrams,*’^ as a result of observations in 01 cases, reached 
the comdiision that the most important features of the troalincnt of 
broneho-inuMimonia were compressed air and ]>otassinm iodide. Iodo- 
form, according to Oambardella,*'** causes rapid dissipation of the pul- 
monary symptoms ami fevers. Its uindeasant odor renders it obnoxious, 
however, and it offers no advantage over the iodides. 

Another remedial measure whicli has l) 0 (*n highly njcom- 
mended is the cold hath. This agent, like other forms of cold, 
causes an accumulation of w^aste-products in the vessels of the 
skin, by lowering the catalytic activity of the cellular tryjisin. 
It brings on, therefore, the critical period which ensues when 
the little patient approaches dissolution, which ends wdicn the 
waste-products violently stimulate the test-organ.* It is espe- 
cially indicated when the temperature is high, and contraindi- 
cated only in asthenic cases and when the cardiac action is 
defective. Cold imcTc to the chest is likewise beneficial and acts 
like the cold bath, but with less. intensity.* 

Le Oondro’*" holds that the temperature of the first bath should 
be 82® P. (27.8° (\) and last from .'S to 10 minutes; and that the fol- 

• Atilhor's convlnHUm. 
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loAving baths may be from 75® to 65® F. (26.9° to 18.4° C.), but never 
lower. D'Espinc and Picot contend that the first bath should be at 90° 
to 95® F. (32.2° to 35° C. ), and subsequent ones 86° F. (30° C.). 
Hutinel states that the most striking effects of the cold baths are an 
increased excretion of urine, saliva and digestive fluids — precisely the 
results to be expected by an increase of metabolic activity such as that 
which follows stimulation of the adrenal center. 

Zangger^®® reported 10 cases of broncho-pneumonia in children 
three months to eleven years of age, in which defervescence was real- 
ized in one to four days. Tlie author ascribes this favorable result to 
his method of giving the little patients from one to seven “half baths’* 
of four to seven minutes ea(;h, the water at a temperature of from 30° 
to 28° C. (86° to 82.4° F.), gra<lually reduced to 26° or 24° C. 
(78.8° or 75.2° F.). The room must bo moderately warm, and the 
child be placed in a bath-tub with only enough water in it to cover the 
body, leaving the breast almost uncovered with water. The child is 
rul)i)cd during the bath, and after two minutes cool water is added to 
bring the water down to the desired temperature. The little patient is 
then rubbed dry with warm towels and put back to bed. These half 
baths are given night and morning; a little milk is given to the child 
before and after the bath. The diet should be milk, diluted or not, and 
cold spring water should be sipped frequently. Tin? author’s experi- 
ence has be(*n that these baths twice a day raise the blood-pressure, 
strengtlien the heart, promote expectoration and soothe the nervous 
irritability, etc., much better than any other measure. 

The wet compress system of Prof. Lemoine, of Lille, is easily car- 
ried out, and insures almost uniform success.'-^ The child is stripped 
to the waist, and a piece of gauze (tarlatan) folded in six or eight 
doubles, and so cut that it reaches from the clavicles to the umbilicus 
in front and to the sacrum behind, and wiile enough to overlap in front, 
is at(?eped in hot water, so as to remove as muc*h of the starch as i)Os- 
sible, and when properly wrung out it is plunged again into cold water 
(the teTUperaturc of the room). The gauze is then squeezed as much 
as possible, and appliorl around the thorax and the upper portion of the 
abdomen; a ])i(?ce of oil-silk of the same size is ])laeed over this so as 
to prevent <*vaporation. The child is then tlressed and put to bed. At 
the end of half an hour the application is renewed, and so on as long 
as the symptoms (temperature over 100° F. [37.8° C.l, with vesperal 
exacerbation, agitation, quick-breathing, etc.) require it. There exists 
no contraindication to these wet compresses. 

.Holt*''- rccommemls the cohl bath followed by friction for infants 
when the temperature reaches 105° F. (40.5° C.), and the cold pack for 
older children.' 

Measures which induce congestion of the skin and thereby 
deplete somewhat the pulmonary congestion are preferred by 
some clinicians. The mustard-paste poultice is probably the 
most cfTk;i(;nt ol* these external applications. They tend also 
to (mhance the antitoxic activity of the blood by increasing its 
temperature, and therefore the activity of its auto-antitoxin.* 
I'hc mustard-tinsced poultice is also regarded as efricacious. 


• AuHior's eonrlusim. 

Zangger: Correapondenzblatt f. schwelzer Aerzto, Bd. xxxv, S. 7, 1905. 
Lemoine: Cited by Albert: Thftee de Paris, 1896. 

123 Holt: Medical News, Dec. 1, 1900. 
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Wintcrs^^ states that when there is filling up of the bronchial 
tubes and numerous moist rales, there is nothing more valuable than 
the mustard paste composed of 1 part of mustard to 4 of flour applied 
over the chest several times a day. Shcllield^'** recommends the following 
poultice: parts each of flaxseed-meal and camphorated oil; 1 to 2 

parts of mustard and a sufficient quantity of boiling water to make a 
thick paste by thorough stirring. This mass is spread on thin gauze 
or paper (two layers) and applied siiUgly to the chest and back. The 
child is then wrapped in an oiled-silk jacket, lined with absorbent cot- 
ton, and in a blanket, which, with the hyperpyrexia of the body, main- 
tains the heat of the poultices; so that it requires renewal but three 
or four times in tweiity-four hours.” 

Tlie obstruction of the bronchioles (which admit the air 
into the alveoli) being due to intense congestion of their walls, 
a remedy capable of reducing the quantity of blood supplied to 
them, by causing constriction of the local arterioles, is indi- 
cated.* Belladonna is especially active in this particular, and 
is very beneficial when given in sufficiently large doses. Opium, 
given in the form of Dover’s [)Owder, acts much in the same 
way,* is especially effective when the cough is severe, but it. 
tends to cause constipation, and should be avoided if possible. 

Coiitts’“ in a aeries of 60 case.s only lo.st 2 by giving U -grain 
(0.016 gm. ) doses of the extract of belladonna (H. P.) every three or 
four liours. Flushing and a definite scarlet rash may apnear, but 
after a few doses the dyspinea ceased an<l the temperature fell to nor- 
mal. D. A. llodghcad, of 8an Francisco, also obtained excellent re- 
sults in 25 cases. He first gives calomel, Vm grain (0.0066 gm.) every 
hour, until a free movement is obtained, and between these doses, also 
every hour, 2 drops of the tincture of belladonna. As improvement 
begins the lielhidonna is reduced to 1-drop doses hourly. Tin mortality 
was 5 per cent. He states that like results w(*re obtained in three 
London hospitals, whereas by the older methods the mortality was 60 
to 80 per cent. 

^J'hc congestion of the bronebiohis imiy also be reduced by 
agents which depress the functional activity of the vasomotor 
center, the general relaxation causing the blood to reeede from 
the pulmonary and other capillaries.* The moat active agent 
of this kind is mtrofjlycerin, of which Vr.oo gritin (0.00013 grn.) 
may be given every hour to a child one year old; and it is 
especially valuable when the heart is oppressed and failing. 
Sweet spirit of niter is a milder agent of this kind. Alcohol 
produces the same result, but in another way, viz., by beeoming 


* An thor 8 conclnnion. 
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itself oxidized, thus depriving the blood of some of its oxygen 
and reducing it in proportion to its efficiency as an antitoxic 
agent.* 

When any of these remedies are used, oxygen inhalations 
should be administered simultaneously, to enrich, as much as 
possible, tlie air inluiled while the bronchioles are patent. 

In asthenic cases, strychnine, V300 grain (0.0002 gm.), 
or caffeine, grain (0.003 gm.) is sometimes useful, but as 
they both stimulate the vasomotor center* they sliould be 
avoided in sthenic cases, i.e., those in which the temperature 
remains high. 

Some authors speak well of digitalin, strophanthus and other cardiac 
stimulants, but their use is indicated only in asthenic cases. The lieart 
fails in sthenic cases because the resistance of the blood-column is too 
great for it, and in the rest because its walls are not receiving (*nough 
blood, owing to excessive vasomotor constriction of its coronaries. Car- 
diac stimulants whip up the organ to drive it more rapidly to its doom. 
In weaklings, however, these agents are valuable. 

The high fever which attends practically all cases, causes 
the alkaline salts of the blood to be utilized with unusual 
rapidity, especially sodium chloride, which is constantly being 
voided with the excretions and secretions, tlie urine, the sweat, 
saliva, and tears.* The blood loses its bactiTicidal and anti- 
toxin activity gradually as its alkalinity is being reduced, and 
acidosis is becoming more manifest. Osmosis, wliich should 
be normal to insure the free<lom of all secretory functions — 
particularly in pulmonary disorders, of the glandular ehmicnts 
of the bronchi — ^liccornes markedly impair(‘d, and the time finally 
comes when practically all the fluids of the body can no longer 
fulfill their functions.* 

The aim should be, therefore, to keep the organism sup- 
plied with alkaline salts. In children old enough to expectorate, 
and adults, the first evidence that these salts are beginning to 
fail is the viscidity of the sputa, soon followed by great diffi- 
culty in ^^raising” them, and a marked increase of cough. 
Ammmiiwn chloride or carhonate, by increasing the alkalinity 
of the blood, corrects these morbid phenomena. Large doses 
are not necessary and tend to disturb the stomach : V4 grain 
(0.016 gm.) in a child under 1 year of age; V2 grain (0.03 gm.) 


• A \Uhor*8 conclusion. 
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for one from 2 to 6 years old, and from 1 to 3 grains (0.065 to 
0.2 gni.) for older subjects, every two hours, suffice. It sliould 
always be given with as much water as the patient will take. 
Liquor ammonii acetatis is another valuable agent, given in 
doses varying from 5 to 30 drops — also in considerable water — 
according to age. 

The onset of collapse is not only advanced, but may be 
.Tctually caused by the absence of sodium chloride in, or low- 
ered alkalinity of, the blood, or both of these conditions. 
HypodermocJysis promptly restores the patient — men when he 
is a])proaching the moribund stale, in some cases. Jii the 
infant, 4 to 6 ounces (120 to ISO gms.) of normal saline solu- 
tion may be injected slowly under the scapula, and renewed 
if necessary. Hypodermic injecftions of aromalic spiriis of 
ammonia, 2 drachms (8 gms.), being injected into tlie arm, 
repeated as needed, have also been found us(4ul. 

Still belter than all Ihese measurers is to avoid the need 
of them by using alkaline beverages from the start, thus keep- 
ing the blood supplied with its normal salts.* The measures 
indicated on page 1367 may be utilized, reducing quantities 
according to age. Saline enemata, i.e., rectal injections of warm 
saline solution, are also of very great value, especially in young 
children. 

I cannot sufficiently emphasize the importance of not 
waiting until the disease is far advanc^ed, to r(\sort to the use 
of alkaline beverages. 41icir use sliould bc'gin whem the patient 
is first seen. (Juite as important is to sup|dy the |)atient with 
fresh air, i.e,, air not partially deprivcMl of any of its oxygen, 
and with all the water he wants to drink. 

1’he use of iioriniil saline solution in this disease has been found 
very advantaj^eous by J. Madison Taylor^-'^ wlien used as oi’dinary bev- 
erage. Leinaire'^ used hypodermoclysis in 11 eases of infantile bronelio- 
pneunionia, (i ounces (180 grn.) being injected under the skin of the 
abdomen or thigh in children 3 years ohl and over. I’luh'r that age 
the injections were 2 ounces (00 gni.) three times a day. All the cases 
recovered. Injections of the aromatic spirits of ammonia were found 
very effective, though somewhat painful, by 11. Morell.'“® lie states that 
the action of the remedy is noticed almost immediately, the face' losing 
its livid color and becoming flushed. 

• Author* 8 conclusion. 
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THE INTERNAL SECRETIONS IN THEIR RELATIONS 
TO PATHOO EN ESIS AN I) THERA- 
PELJTICS (Continued), 

THK ADRKNAL SYSTEJkl IN THE CATARRHAL AND NERVOUS 
DISORDERS OK THE RESPIRATORY TRACT. 

The four diseases studicMl in the prcsiuit chapter are 
intended lo excinplify the manner in wliieh the adrenal system 
reaeda when exogenous or endogiuious irritants assail tlie 
mucosa of tlic respiratory tract. Under Acute Hroncliitis 1 sub- 
mit file Jiianner in which the tracheo-hroncliial mucous mem- 
l)rane becomes the seat of an acute inllammatory process 
through tlie operation of a factor whose pathogenic influence 
has been a])undantly confirmed but not explained. Hroncliial 
asthma illustrates a complication which endows the disease 
with its autonomy as a morbid process, namely, hypcTsensitivc'- 
ness of the vagal center in the pituitary body — and the man- 
ner in which stricto-dilation (the modi' of ai'tion of all motor- 
nerves) provokes muscular contraction — the minute bronchial 
jnuscles, in this instance. A kindred disorder, hay-fever, 
serves to indicate how the same process o])erat('s in the nasal 
mucosa, where the striido-dilators regulate the How of blood 
into sinuses, which thus become engorged with blood, causing 
the copious secretion, marked obstruction, etc., observed in this 
disease. This process prevails as well in acute coryza and in 
otlier disorders of the upper respiratory tract, which cannot be 
treated in full in this volume. The fourth disease analyzed, 
pertussis, exemplifies the manner in which cough is elicited by 
irritation: a reflex excitation of the vagal center (or tri- 
geminal center, if the nasal field is involved), the violence of 
which is such in this disease as practically to exhaust the lungs 
of air, thus necessitating sudden and violent inspiration, the 
characteristic ^Vhoop.’’ 
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ACUTE BRONCHITIS. 

Synonyms. — Traclieobroncliiiis; Acute Tracheobronchitis; 
Acute Bronchial Catarrh. 

Definition, — Acute bronchitis, an acute catarrhal inflamma- 
tion of the traclieo-broiicliial mucosa, is the expression of a 
local protective process characterized by an increase of auto- 
antitoxin and pliaj:;ocytcs in the secretions, having for its pur- 
pose the removal or destruction of irritants carried to the 
mucosa either by the air (dust, vajiors, etc.), or through the 
blood (toxic wastes, antitoxins, toxins, etc.).* 

Symptoms and Pathology. — Thr(*e types of acute bronchitis 
may l)c distinguished. Tlie first of these is tlic afebrile form, 
starting, as a rule, witli an acute eoryza, soon followed by a 
feeling of oppression behind the upper |)art of the sternum, 
more or less headache, languor, and sometimes ninseular pains. 
The expe(!toration is at fii-st viscid, then opatpie and purulent. 
There is usually some hoarseness and in some eases aphonia. 
In normal adults this form is (piite benign, but in children it 
may lead to broncho-pneumonia. In aged or debilitated sub- 
jects (especially if scoliotic) the congestion of the bronchial 
miufosa and the ini])(*rfect elimination of the ])ulmonary secre- 
tions may sulficiently embarrass the smaller bronchi to cause 
asphyxia. 

The second is the febrile form, in wbi(*h the plicnoineiia 
are all much more marked, being those of a true infection, viz., 
severe headache and malaise, repeated chills followed by fever, 
which may reach 104° F. (10° C.) in the aft(‘rnoon or even- 
ing. Then follow the thoracic sym[)toms: dyspmea and tight- 
ness about tluj chest, retrosternal rawruiss and pain traceable 
upward along the trachea to the larynx. Here a sensation of 
pricking or tickling provokes paroxysms of severe, dry cough, 
attended with little or no expectoration, and very distressing 
on that account. Soon, however, the sputa arc brought up with 
more ease, and finally in abundance, being at first viscid, then 
mu(K)-purulent, and finally purulent. The tongue is coated and 
there is usually anorexia or dyspepsia. Such an attack, left 
to itself, usually lasts from ten days to two weeks. 


Author* 8 definition. 
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The third, or secondary form, as its name implies, occurs 
as a complication of other diseases, measles, typhoid fever, 
variola, influenza, erysipelas, scarlatina, diphtlieria, etc. It 
differs in no way from the second or febrile form as to its 
symptomatology, the various phenomena enumerated bein»^ 
merged in with those of the primary disease. 

The physical signs in all three forms vary with the inten- 
sity of the morbid process. In the afebrile form but slight, 
if any, change from the normal is discernible unless the case 
be somewhat severe and approximate the febrile form. In the 
latter, the dyspnoea is attended by a compensative increase of 
respiratory movements, and bronchial fremitus. On ausculta- 
tion, the respiratory sounds are exaggerated and diifer accord- 
ing to the caliber of the bronchi from whi(*li it originates, the 
larger bronchi producing a grave note resembling snoring, the 
smaller, a sharp Avhisiling or sibilant note, l>oth during respira- 
tion and expiration. As the secretion increases, the rales be- 
come moist, as when air is blown through water. These 
sounds arc best heard posteriorly all over the chest and on both 
sid(?s. In secondary acute bronchitis, the moist or suberepitant 
rAles begin at the base of the lungs, where dullness on percus- 
sion is noticeable, especially in certain areas. 

The predominating pathological featiiri? is hyperannia of 
the capillaries of the bronchial lubes, in s(‘verc cases this may 
be sufliciently marked to cause tumelication and infiltratior of 
the bronchial mucosa, i,e., a true (cd(mia eajiable of materially 
reducing the caliber of the smaller bronchi, and even of causing 
asphyxia. 

I’his is only partly due, as shown below, to a local inflanirnatory 
process caused by a vicarious elimination of ])alhogenic elements. The 
local hy])cr®mia coincides with the dry c()ugh. but this is soon suceetnled 
by increased activity of the mucous glantls and the abundant secretion 
produced soon gives rise to a free expectoration. An abundant local 
leucocytosis occurring simultaneou.sly to rid the respiratory tract of 
any detritus, the sputa acquire their muco-purulont character. This 
stage usually terminates a mild case. In the more severe cases des- 
quamation of the ciliated epithelium takes place, followed by lesions of 
the deeper structures. In the bronchitis of certain infections, diphtheria, 
typhoid, etc., the hypenemia may be followed by the local formation of 
a false membranes which, according to (\)niil and Hanvier, is replete 
with micrococci. 

Etiology and Pathogenesis. — The exogenous causi^s of acute 
bronchitis are those which, siudi as dust or irritating vapors, 
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reach the bronchial tubes and their ramifications with the air 
inhaled, and are capable of irritating mechanically or chemic- 
ally their mucous membrane. This form is observed mainly 
among individuals who are exposed to such irritation in the 
course of their occupation, millers, knife grinders, etc. 

The majority of cases met with, however, are due to enrio- 
(jenotts causes, i.e., tlie vicarious elimination by way of the 
lungs, of poisons formed in the body as a result of some morbid 
process.* Thus, exposure to cold and damp is a most prolific 
source of bronchitis. ^Phe warm — and ])erhaps perspiring — 
akin is exposed to conditions, a draught for instance, which siul- 
denly reduce its temperature. Tissue catal)olisni recjuiring a 
certain temperature (without which the trypsin, the ferment 
upon which the process depends, will fail to acjt), it is mate- 
rially impeded as long as the exposure lasts, and (piantitiea of 
toxic products of imperfect metabolism are formed.* Being 
gradually transferred by the lymphatic circulation to the 
blood-stream, tbes(j toxic wastes soon reach all parts of the 
body and are gradually eliminated by the urine, sweat and 
mu(K)us membrane's. The mucosa of the upper respiratory tract 
taking part in this process and being readily irritated by the 
special ])oisons (as it is by iodine and other substances), it 
becomes inflamed, its most sensitive portion, that lining the 
nasal cavities, being affected first.* 1'he bron(*bitis so fre(|uently 
observed among gouty subjects, and the secondary bronebilis 
that com|)licates so many infectious diseases, and also malaria, 
liright’s disease, etc., are all due to the same cause, i.a,, auto- 
protective elimination of the poisons through the bronchial 
mucosa and the local irritation engendered thereby.* 

The local phenomena incident to the auto-proh'elivc process 
are not those, however, that give rise to the untoward or dan- 
gerous features of the disease.* These are due to swelling and 
(edema of the mucosa, the causes of whi(*h vary according as 
to whether the bronchitis he of exog('nous or endogen()us origin.* 
In the former cas(», these phenomena are produced directly by 
the irritant. Tn emdogenous bronchitis, they are partly due to 
this process, the irritants being the poisons derived from the 
blood, that arc being vmariously eliminated through the bron- 


* Author’s conclusion. 



ACUTE BRONCHITIS. 


1695 


chial mucous rnerabrauc. The principal cause of the lo(;al le- 
sions, however, is a constriction of all the vessels of the body, 
which occurs as an incidental feature of the primary causative 
toxamiia — toxic wastes, disease toxins, etc. Tlie blood-mass 
being thus forced into the capillary system, the capillaries of 
the bronchi are themselves engorged — sufficiently so in severe 
cases to provoke marked swelling of the bronchial mucosa. 

Thii exofjvnoiift form — raroly met witli — is well illustrated by six 
eases reported by J. N. Hall,^ in wliieh the causes were the inhalation 
res|)eetively of chlorine f(as, sulphurous-aeid {^as, formaldehyde, kerosene 
smoke and smoke containing undeterminetl irritants, and one by Thomas,* 
due to the inhalation of lime dust. To the same class would belong the 
“bacillary bronchitis” ascribed to the streptococcus by Korchheimer,* 
PattoiC and others, an<l to the <liplococcus pneumoniic by Ritchie,'' V. W. 
Williams'^ and other observers. Pharyngeal erysipelas and diphtheria 
may thus prove a source of acute bronchitis by extending downward, 
'riiat under such conditions infiltration amounting to obstructive (edema 
may occur, is shown by the familiar lesions produced in the upper re- 
spiratory tract, the larynx, for instance, under similar circumstances. 
In infants it is especially apt to occur owing to the laxity of the cellu- 
lar tissue. 

The well-known fact that cas(»s of gout and Rright's disease are 
liable to acute bronchitis and that it may a])p(»ar in su(*h subjc'cjts 
without (‘xposure to cold, points to the endotfcnotts cause of the disease 
in healthy subjects after such exposure, since both gout and BrighPs 
disease are attended by an accumulation of toxic products of imperfect 
catabolism. Many bacterial infections act the same way; thus the sec- 
ondary l^ronchitis of variola is accompanied by the specific pustular in- 
fiammation of the bromdiial mucosa — a counterpart of the cutaiu'ous 
inilammatory lesions due to elimination of the specific toxic chnnemts of 
th(* disease. In some exantheins, scarlatina and m(»asles for instance, 
the conjunctival, nasal, pharyngeal and bronchial mucosie may cvem 
precede the ciitanc*ous eruption. liancen*aux^ contends, in fact, that 
“‘few morbid agents leave the respiratory tract absolutely intact.” As 
is well known, iodine, wlum giv(»n but slightly in excess of the (piantity 
utilized by the body, cause’s “iodism,” including cough in some cases, 
through a process similar in every respect to that which prevails in 
any form of endogenous bronchitis. In all these causative conditions 
the gc’iK’ral blood-pressure is raised. In the febrile infections it is high 
owing to the fever itself, as shown by tlie lluslu’d face, the excessive 
warmth of the skin, etc.; gout, Hright’s disease and malaria, for exam- 
ple, arc’ also attended, as is well known, by periodical elevations of the 
blood-pr(?ssure. 

Treatment. — 1'hc two main indications in view of the 
pathogenovsis of the disease arc: (1) to counteract the general 
vasoconstriction and relieve the engorgement of the bronchial 
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capillaries;* (2) to promote elimination through normal chan- 
nels, the kidneys, intestines and skin, of the toxic substances, 
which, by being vicariously eliminated by way of the lungs, 
provoke the bronchial liyperaamia. 

Both these indications are materially facilitated if the 
patient can be kept in bed. The formation of wastes which 
attends physical exertion is thereby limited to its lowest de- 
gree, and wliat catabolic and oxidizing energy the blood can 
spare over and above that required for tissue metabolism, is 
entirely utilized for the destruction of the pathogenic ele- 
ments. Even the vascular tension is favorably inllucnced, since 
the waste-products developed during muscular activity lend to 
raise the blood-pressure. The warmth of the bed also exer- 
cises a favorable influence by causing blood to circulate more 
freely in the skin, and by facilitating diaphoresis. 

Tn the average case, remedies which lower directly the 
blood-pressure may be advantageously employed, especially 
in view of the fact that they tend to relieve simultaneously 
the liarassing dry cough, and to reduce greatly the character 
of (edematous infiltration of the bronchial mucosa; ^riic sodium 
bromide, 15 grains (1 gm.) and chloral hydrate, 10 grains (0.6 
gm.), given jointly every three hours in a solution contain- 
ing merely simple syrup or syrup of lemons (hut no exj)ec- 
torant) soon procure these rijsults and afford the patient con- 
siderable relief, by depre^ssing the sensitiveness of the general 
vasomotor center.* 

Some of iiiy own cases were relieved after a couple of doses of this 
mixture, though the dyspneea was already troublesome. Its use must 
be avoided in debilitated subjects, however, since their auto- pro tectivci 
functions would be further weakened. Persons otherwise in normal 
health are not materially influenced in this direction, and the patho- 
genic poisons in the body-fluids are gradually catabolized and eliminated 
by the normal paths. 

Whem these agtmts cannot be employed, veratrum viride, 
10 minims of the tincture (0.6 gm., 1905 TJ. S. P.) every hour, 
three times, then every two hours, may be given instead. 
Although its physiological effect is almost similar, it tends to 
cause general depression in some cases, and does not always 
moderate the cough. When there is oppression, an indication 
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that oxygenation is being hampered in the smaller bronchi, it 
replaces advantageously the chloral hydrate. Aconite^ in drop 
doses (1905 U. S. P.) every hour, is preferred by some authors. 

Stimulation, the use of balsams and cxpe(;torants, do more harm 
at this stage than good. A reliable preparation of veratrum viride, for 
instance, should be prescribed, as the tinctures obtained in the shops 
cannot always be depended upon. 

When, as is usually the case, the patient cannot be prevailed 
upon to remain at home, the same results may be obtained by 
remedies which counteract the bronchial hypenemia, by causing, 
through their stimulating action on the sympathetic center, 
constriction of all arterioles.* In this manner, the blood cannot 
reach the capillaries freely, and their engorgement is pre- 
vented.* Oiiiates arc the most reliable agents of this kind. 
Dove/s powder, 10 grains (0.6 gm.) taken at bedtime with a 
large tumberfiil of water, is especially advantageous, since its 
ipecacuanha counteracts the evil clfects of the opium by pro- 
moting diaphoresis and hepatic activity — the main antitoxic 
resource of the organism. During the suciieeding day, Dover^s 
powder should not be used, however, since the diaphoresis pro- 
duced exposes the patient to the ofPccts of cold. The beneficial 
action on the lungs may be susbiincd, however, with heroin, 
grain (0.008 gm.) every three hours, and tlie Dover’s powder 
resiiiiKMl th(j second night, the dose being reduced, however, to 
5 grains (0.8 grn.). Codeine, in doses of to V 2 grain (0.016 
to 0.03 gm.), is preferred by some physicians. If constipation 
occurs (in adults) a full dose of citrate of magnesia is indi- 
cated to enhance the elimination of the pathogenic toxics by the 
intestinal canal. 

In the acute bronchitis of infancy and childhood, opiates 
do not act as satisfactorily. Calomel, Ve grain (0.01 gm.), 
rubbed up with sugar and milk and given every two or three 
hours, produces, after a few doses have been taken, a copious 
evacuation of the bowels and disappearance of the morbid symp 
toms, including fever, if the case belong to the febrile form 
Active stimulation of the adrenal center and a rapid increase 
of the auto-antitoxin, is obviously the effect produced under 
these conditions.* 

* Author's conclusion, 
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In some cases, the dyspnoea is siillicieiitly marked to demand 
more active measures to lower the blood-pressure.* A few 
whiffs of iodide of elluji, inhaled from a handkerchief upon 
which 10 drops of this remedy have been poured, relieve the 
distressing symptom in a few minutes. Nitrite of sodium, 1 
grain (0.005 gm.)j» little water, produces a similar but more 
lasting effect. Inhalations of oxygen are of great value when a 
tendency to cyanosis occurs. 

The importunco of tliis syiiipiom was oinpluisizod by B. W. Rich- 
ardson," Bru('e“ and others. It eoines on late in the course of the dis- 
ease, and is eoiiiplieated l)y the accii in illation of fluids in the smaller 
hroiielii. Many cases of acute bronchitis in whicli “shortness of breatli” 
is complained of, are nearer asphyxia than they are tliou^rfit to be by 
their pliysicians. Nitrite of sodium and nitroj^lycerin have been recoin- 
luended by Frazer,’" and ioilide of ethyl by Main"^ and others. Oxyf^en 
is spoken of as a life-saving measure by Sinainski,'- Langston,” Leech’^ 
and many other observers. 

An important feature of the treatment of febrile bronchitis 
is the ingestion of alkaline fluids to facilitate the elimination 
of toxic wastes by the kidneys, ami antagonize acidosis, as indi- 
cated on page When the acute stage recedes, the elifiii- 

jiation of the bronchial detritus niust also be facilitated by 
remedies which increase the alkalinity of the blood and facili- 
tate general osmosis, including that of the peribronchial fluids.* 
Ammonium cMoride is an active remedy of this kind, in 10-grain 
(0.(j gm.) doses every three liours, given in a mixture containing 
130 minims (1.85 e.c.) of syrup of tolu to the dose. 

If the convalescence is delayed, the chloride may be re- 
])laced by ammonium, iodide, which stimulates somewhat the 
adrenal system, owing to the iodine it contains. ^lore active in 
this connection, however, is a mixture containing potassium 
iodide and ammonium carbonate, 5 grains (0.J3 gm.) of the for- 
mer and 10 grains (0.0 gm.) of the latter to tlie dose. This 
combination is very effective in children, the dose, of course, 
being adjusted to the age of the little patient. 

When after recovery from the more acute symptoms, 
cough and a muco-purulent expectoration persist, the fluid 

• Author' H ronrluHlon. 

" n. W. Richardson: Mod. Press and Cir., Jan. 25, 1888. 

•Briico: Larioct, May 30. 1891. 

® Frazor: Amor. .lour. Mod. Scl., Fob., 1888. 

^Maln: Brit. Mid. Jour., Nov. 30, 1889. 

3 Sinainski: Lancet. Sopt. 1. 1888. 

"LanKHton: Brit. Med. Jour., Jan. 30, 1892. 

* Leech: Practitioner, May, 1898. 
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extract of hydrastis, 20 to 30 drops, four times daily, in a little 
sweetened water, is sometimes quite efficacious, acting much like 
the opiates without being attended by their untoward effects. 
Caffeine, 5 to 10 grains (0.3 to 0.6 gm.), in a solution contain- 
ing 20 grains (1.3 gm.) of potassium acetate, administered on 
retiring, is to be preferred when the cough is troublesome at 
night. Apomorpliine, in doses varying from V«o to V 2 grain 
(0.002 to 0.03 gm.), given after meals to prevent nausea, is 
preferred by some authors. 

In some cases, all these measures prove ineffec-tual, owing to 
general asthenia. Quinine liydrochlorate, 2 grains (0.13 gm.), 
given with stryckniae, Vi« grain (0.0016 gm.), after each meal, 
is often eifeciive in such oases, owing to its stimulating action on 
the general centers. A more lasting effect is obtained by means 
of small doses, ix,, 1 grain (0.065 gm.) of thyroid extract, three 
times daily, after meals.* By enhancing physiologically the 
functional activity of the adrenal system it activates that of all 
functions and augments general nutrition.* 

HllONCHIAL ASTHMA. 

Synonyms. — Asthma; Spasmodic Asthma, 

Definition. — A form of paroxysmal dyspncca due to the con- 
currence of two pathogenic factors: (1) hyperexeitability of 
the general vagal center; (2) the presence witliin or upon the 
bronchial mucosa, of endogenous or exogenous irritants. The 
mucosa requiring for the expulsion of these irritants, reflex 
impulses derived from the general vagal center, the liyperexcit- 
ability of the latter causes it to project unusually violent im- 
pulses to all the elements of the bronchi, including their mus- 
cles, and these in turn, being inordinately contracted, they 
reduce the caliber of the bronchi and thus ])rovokc asthma.** 
Symptoms. — An attack of asthma may be preceded by one 
or more premonitory symptoms: slight gastro-intc'stinal 
malaise, flatulency, intellectual torpor or exuberance, depres- 
sion of spirits, pruritus, especially of the trunk and chin, 
sneezing, accompanied sometimes by a free flow of watery 
mucus, epistaxis, and in most cases a copious excretion of urine. 

* Anlhor'fi ronrhiftlim. 

**AHtkor*8 definition. 
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The access proper usually begins abruptly, often during the 
early morning hours. Marked restlessness is soon followed by 
dyspnoea of the most distressing kind, and a sensation of 
great depression about the chest. The patient soon finds it 
necessary to assume positions that favor the action of the respir- 
atory muscles, which seem unable to cause depression of the 
thorax and expulsion of the air. Gradually, as this difficulty 
increases, the dyspnoea becomes more distressing until, after a 
couple of hours or more, the face becomes dusky and perhaps 
cyanotic, owing to imi^erfect oxygenation. In severe cases, this 
phenomenon is sufficiently marked to cause marked hypother- 
mia, especially of the extremities. The signs of asphyxia are 
so intense in some cases, that they may suggest, even to the 
physician, an early lethal termination. The pulse is small and 
rapid, the brow is bedewed with sweat, the eyes stand out 
prominently, a deadly pallor replaces the cyanotic hue, etc. 

The movements of the chest are suggestive. Though fully 
expanded, it fails to recede to any marked extent during ex- 
piration. The inspirations are short, but the expirations are 
considerably prolonged, thus reversing the normal relations be- 
tween the respiratory acts. The percussion note is hyper- 
resonant, sometimes almost tymjianic, but highly-pitched. Aus- 
cultation confirms the objective respiratory phenomena: the 
expiration is greatly prolonged, and both inspiration and ex- 
piration arc attended by sibilant, more or less high-pitched 
rales, throughout the entire chest, which res(;ml)le the chirping 
of a multitude of birds. The heart is often disphu?ed, the apex 
being nearer the sternum and lower down than usual — obviously 
pushed in this unusual position by the distended l(;ft lung. 
The veins of the neck are, as a rule, considerably dilated. 

When the paroxysm has reached its worst stage, the pic- 
ture changes : the breathing becomes easier, and a spell of tight, 
harassing cough marks the onset of the period of resolution. 
At first the sputa are quite characteristic of asthma. They con- 
tain small, grayish-white gelatinous pellets, Laennec^s ^^pearls,” 
which are in reality small rolls of condensed rnuens, containing 
two characteristic (dements, Curschmann’s spirals and the 
(-liarcot-Leyden crystals. The spirals are skeins of spirally- 
disposed mucin filaments enclosing many eosinophilc leucocytes; 
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the crystals are similar to those found in the blood in leukajmia. 
An enormous number of free eosinophile leucocytes are also 
found in the sputum, as well as in the blood. Gradually, how- 
ever, the expectoration assumes the ordinary mucoid type; as 
it becomes freer the cough becomes less harassing, and the 
attack passes off, leaving tlie patient considerably weakened. 

The relief may be of short duration, a second attack follow- 
ing the first after a few hours. As a rule, however, the 
paroxysm does not occur until the succeeding night, more or less 
coughing and wheezing occurring in the interval. Paroxysms 
may thus reappear five or six nights in succession, the series 
constituting an “attack” of asthma. The patiimts may then 
remain free several weeks, or even months, and suddenly lapse 
into another period of suffering. 

In true bronchial asthma, the intensity of the symptoms is 
independiiiit of the duration of the disease. Thus, tlie attacks 
that occur soon after its first appearance may be very intense 
as to dyspnoea, Avhile in individuals who have long suffered from 
the disease, this symptom may not be severe. In the former 
cases, however, the attack passes off entirely, leaving the 
patient perlectly normal during the intervals, while in the 
latter, the bronchial jnucosa may become the seat of a chronic 
inflammatory process, Le,, a true chronic bronchitis, with all 
its possible complications. 

Pathogenesis and Pathology. — An attack of l)ronchial 
asthma is due to vagal stricto-dilation of the bronchial arte- 
rioles.* An excess ai blood being admitted into the bronchial 
inuscle-clements, and into the jnucosa, the (caliber of the bronchi 
is reduced in two ways: (1) by contraction, of their muscles, 
and (2) by congestive swelling of the bronchial mucous mem- 
brane. In severe attacks the liimina of the terminal bronchioles 
becomes sufficiently reduced to prevent the egress of air from 
the alveoli, hence the cyanosis and. the inability of the thorax 
and the diaphragm to contract. 

All the theories best sustained by experimental and clinical evi- 
dence implicate the nervous system in the morbid process. Whether 
with Lefevre, Salter, Biernier, Trousseau and others we ascrilie asthma 
to spasm of the bronchial muscles; with Hack, Daly and others to reflex 
irritation of the nasal cavities; with Varrot to refle.x excitation of the 


* Author* % concluaUm, 
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bronchial secretory elements; with Jlrissaud to hysteria; or with 
W'^eber to vasomotor tnrgesceiice of the bronchial mucosa, etc., the nerv- 
ous system stands out prominently as an active factor at least of the 
salient phenomena of the disease, the bronchial obstruction. The unani- 
mity ceases, however, when the identity of the system of nerves involved 
is sought. Are we dealing with a vagal neurosis, as taught by Trous- 
seau and his school, or with a vasomotor neurosis, as taught by Weber 
and bis followers? 

The question of course is closely associated with the character of 
bronchial lesions. Here, again, the bulk of evidence points in the one 
direction, t.c., Traube’s view that the bronchial mucosa is the seat of a 
lluctionary byperajinia which Sir Andrew Clark, Stiirch and others in- 
terpret as a diiruse “vaso-turgescence” or hyperajmic swelling. Not only 
was Fraeiikel'* able to verify this fact post-mortem, but he found the 
lesions peculiar to an advanced stage of local congestion, t.c., of chronic 
bronchitis, widespread dcscpiamatioii of epithelial cells. In a very in- 
teresting case recorded by .1. S. Billings, Jr.,“ such a vaso-neurotic swell- 
ing involved “the forearms and arms as high as the middle of the biceps 
muscles.” Although the fingers were not swollen, they bad been “cold 
and blue from the first.” The “typical asthma, with nocturnal attacks 
of sudden ons(*t, en<ling in violent paroxysms of coughing with scanty 
vis(dd expectoration,” ceased, and the swelling of the arms and forearms 
disappeared under what, as we will see, I regard as the appropriate 
treatment for asthma. The pulmonary lesions and those of the ex- 
tremities were evidently similar, t.c., a lluctionary hyperaemia of nervous 
origin. That this vascular turgescence is general is suggested by the 
observation of 8ible” that in all asthmatics, both during the attacks 
and in the intervals, the inferior border of the liver is considerably low- 
ered and sensitive to pressure. 

The identity of the system of nerves involved at once suggests 
itself, t.c., the vasomotor system, in accord with the views of VVeber 
and many other observers. When, however, the manner in which such 
widespread results must be produced by this system is analyzed in the 
face of experimental evidence, it fails to meet the needs of the morbid 
]u-ocess. In order thus to iniluenee the general vascailar system, the 
original caiise of the disease, whether it be “uric acid” or any other 
systemic |M)isoii, should stimulate the vasomotor centcu*, and produce 
general vaso-constriction ; more blood being ju-ojected into the capil- 
lary system, the bronchial capillaries among others would b(‘come en- 
g«»rged, i.e., hyperajinic. That such a general vaso-constriction does not 
occur, however, is shown by the fact that th(^ blood -pressure, which is 
rais(;d when the systemic vessels contract, is on tin* contrary lowered, 
as shown by Silile, the average being from 70 to 100 in a large number 
of asthmatics as eompan^d to the average of 80 to I.'IO in normal in- 
dividuals. Again, if the data upon which the vasomotor theory is based 
are carefully scrutinize<l, they arc found wanting. Stimulation of the 
pulmonary vasomotors produces the reverse of hypcriemia, /.e., isch®- 
mia, and the many symptoms other than asthma observed that are 
ascribed to vasomotor influence, rhinorrhma, ptyalism, hichrymation, 
diarrhoea, etc., are in reality due to overstimulation of the respective 
organs by their secreto-rnotor nerves — all of which, as I have shown in 
the eighteenth chapter, fulfills functions identical to those of the vagus. 

Quite another picture is presented, however, when the asthma, in 
accord with Trousseau’s interpretation, is ascribed to the vagus. Brodie 
and Dixon“ recently confirmed experimentally the well-known fact that 

^BPraenkel: Zelt. f. kiln. Med., Bd. xxxv, S. 659, 1898. 

J. S. DllllnSB, Jr.: N. Y. Mod. Jour., May 22, 1897. 

” Slhlo: Wiener kiln. Woch., Bd. xvl, S. 86. 1903. 

w Brodie and Dixon : Trans. Pathol. Soc. of London, vol. llv, p. 17, 1903. 
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stimulation of the vagus causes a markoil diiiiiiuition of tlio voluiuo of 
air entering and leaving the corresponding lung, owing to eontractioii 
of the hronchial niiiscles. Kingscote*" states, moreover, that this pro- 
cedure causes simultaneously spasmodic eontnietiou of the diaphrag- 
matic muscle. As stated by l^oque,-’'* moreover, a similar elVect is j)ro- 
duced when the pulmonary ends of tho nerve, i.c., the broneliial muscles 
per se, are excited. 

The manner in which these phenomena are produced is made evi- 
dent when tile observations of Sihle,-^* that this procedure* produces 
bronchostenosis, “tlie ell’erent path being certainly the vagi;” and that 
of W. Blair B(*ll,“ that pulmonary terminations produce active vaso- 
dilation of the bronchial arteries, are interpreted from my standpoint, 
i.c., with the vagus as a sfricto-dilalor nerve in common with all motor 
nerves. Indeed, stricto-dilation means, as 1 have shown, constriction of 
the vasa vasoriim of the arterioles that supply muscles (as well as any 
other organ) ; the walls of these arterioles being supplied with less 
blood, they dilate, admitting in turn more blood into the muscular 
elements. Now we have in its action ujion the diaphragm, ])roof that 
the vagus causes imis(*ular contraction. Hence, in accord with the 
inter[)retation of Lefevn*, Salter, Trousseau, (.^ J. B. Williams and 
many others, the spasmodic contraction of the bromdiial musides which, 
by greatly narrowing the caliber of the bronchi, provokes the asthma, 
lienee, also, the ‘iiypencmic swelling” upon which Traube, Sir Andrew 
Clarke and others have laid stress, since stricto-dilation of the bron- 
chial arterioles produces congestion of all the bronchial ehmients. 

As emphasized by II. h. Swa.in,®“ the resea rch(*s of W. 8. Miller 
have shown Unit venous trunks are practically absent in the bronchial 
mucosa, which is thus supplied only with (capillaries. The readiness 
with wdiich the mimosa can become liyperaMiiic, and (jonversely the 
rapidity wdth which tin; capillaries can be depleted as soon as the excess 
of blood supplied to them is reduccMl (by sympathetic constriction of 
the arterioh's as show'ii below), is self-evident. 

Tlie |)i*tMlis|)osing cause of broneliial astlima is liyporson- 
sitiveiiess of tho vagal center in the posterior pituitary body.* 
Tinder normal conditions, that is to say, when the broiudiial 
nvueoiis nienibranc is not irritated by some substanec brought 
to it by the air eurrent or by the bh^xl, this liypersensitiveness 
gives rise to no untoward plumoniena. When, however, irritat- 
ing particles are inhaled and riuieli tlic lungs, or when cata- 
bolism is imperfeet and toxic produets of liypoeataholism are 
eliminated (in part) by the bronchial mucosn, asthma oceurs.f 

The museular constrietion of the bronelii and the swcdling 
of the mucosa wdiich give rise to asthma, are not caused, hoiv- 
ever, by a direet action of these poisons upon the bronchial 
muscles, or the epithelial or secretory elements of the mucosa, 


• Author's conclusion. 
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but by their irritating influence upon the bronchial sensory' end- 
organs of the vagus.* The afferent impulses from the bronchi 
tlius generated and transmitted to the vagal center, would evoke, 
if the latter were normal, just sufficiently energetic recurrent, 
i,e., efferent-motor, impulses to insure the elimination of the 
poisonous wastes (by causing periodical contractions of the 
bronchi, increasing the secretion of mucus, promoting the activ- 
ity of the ciliated epithelium, etc.) ; but being liyperseiisitivc, 
the center projects excessively violent stimuli to the bronchial 
muscles and mucosa, and the resulting bronchostenosis, produced 
in the manner described, gives rise to asthma.* 

KeHex asthma differs from true bronchial asthma only in 
that the sensory impulses which excite the hypersensitive vagal 
center, and through it evoke the asthma, are derived from irri- 
tated surfaces other than those of the lungs, i.e., the nose, the 
ear, etc.* 

In this process the functions of the l)ronchial mucous membrane 
are assimilated to that of the stomach,* when, as shown by Pawlovv, 
the presence of food provokes the secretion of gastric juice and the gas- 
tric muscular movements by exciting the sensory vagal ttu-ininals. Wc 
have seen that such a conclusion is warranted. The recurrent motor 
impulses originate, of ('ourse, from the vagal center. Since all im- 
pulses of common sensibility reach the posterior pituitary, while all 
ciiordinati'd involuntary motor impulses arise from this org^aii,* it b<^ 
coines the normal source of this class of stimuli to the lungs as well. 

That it is a general center which is hypersensitive — one capable 
of responding to impulses received from many sources — is shown by the 
multiplicity of conditions by which asthma may lx? provoked. The 
asthma caused reflexly by nasal and aural polypi, excitation of sensi- 
tive spots in the nasal cavities, ethmoiditis ( Kmerson," roggeshall’® and 
others), abscess of the antrum ( Richardson” ** ) , uterine disorders (Katz,” 
Striibing,-* von Leyden and others), etc., illustrates this fact. With the 
general vagal center as the source of the asthmog(mic impulses, the man- 
ner in which such lesions can produce reflex asthma becomes plain. Though 
unable to describe the paths followed, Schadewaldt"" and others consider 
nasal asthma a trigeminal neurosis. If the pituitary’s vagal center is 
made the terminal of sensory impulses from the nose, and the vagal 
eflerent nerves the transmitter of motor impulses to the lungs, the reflex 
arc is complete.* Moreover, the actual participation of the pituitary 
body in such phenomena is well shown by the experiments of Cyon, who 
found that destruction of this organ completely annulled the reflex sen- 
sibility of the nasal mucosa. 

That asthmatics suffer from liypocatalxilism is well known; this 
is emphasized by tho prominence given uric acid and the gouty diathesis 

• Author* 8 conclusion. 
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as a cause of the disease by many authors. We have seen the all-im- 
portance of toxic wastes in the causation of epileptic fits. Taylor’^ and 
others have reported cases in which it replaced the fits. Sciatica, mi- 
graine, angina pectoris and other conditions due to toxic wastes are fre- 
quently observed in astliiiiatics. Again, the so-called “renal” asthma 
is obviously due to retention of cxcrementitious products in the blood. 
Indeed, Macllwainc''^ has laid stress on the importance of albuminuria 
as a precursory symptom of this condition. MoncorgC,^ F. Ehrlich, “ 
Lemonnyer®* and others have illustrated the inlluciice of a rheumatic 
diathesis by a number of cases. All these instances are necessarily 
results of a debilitated condition of the organism. Aside, however, from 
the cases in which such a debilitated condition occurs without apparent 
cause, are others in which it is directly traceable to disease or habits 
which undermined the patient’s health. As to the former, in a study 
of 40 cases of hay-fever, several of which were complicated with asthma, 
1“ found that almost all had suffered from several of the diseases of 
childhood. Kissel*® has observed the same fact in 4 cases of bronchial 
asthma in children, though the disease is rare in childhood. Crook- 
shank” has described, under the term “asthma si^xualis,” cases of asthma 
which followed sexual excesses in both sexes. It may also, as shown 
by Fiessinger,'®* occur as a complication of true neurasthenia. 

Closely related to the products of hypoeatabolism as primary 
causes of bronchial astiima is the so-called “dyspepsia asthma” which 
Albu and others have ascribed to auto-intoxication. Landi"® found that 
emetics and purgatives caused prompt relief in such cases. In 5 cases 
reported by Murdoch^® the asthma occurred after meals and yielded 
readily to treatment of the stomach. In 31 cases observed by Kinhorn^^ 
the attacks of asthma occurred either immediately after meals or two 
or three hours later — a suggestive coincidence with the period of assimi- 
lation. 

Aside from these endogenous excitants, however, are many others 
of exogenous origin which arc capable, as is well known, of provoking 
typical attacks of bronchial asthma: dust, emanations, pollen, smoke, 
etc. This affords self-evident proof that, however produced, asthma is 
primarily due to an excitant — whether applied to the semsory ttu'ininals 
of the bronchial mucosa or any other mucosa. As everyone is exposed 
more or less to the morbid effects of such irritants, asthmatics must he 
particularly susceptible to these irritants: a fact readily explained by 
the hyperexcitability of their general vagal center. 

Treatment. — Eemedies Which Auuest’ 'iviie Paroxysm. — 
^rhis is, of course, the first indication, ^fhe broncliostenosis 
being mainly caused by contraction of the bronchial inuscles, and 
thus, in turn, being due to stricto-dilation of the arterioles 
through which the capillaries of these muscles receive their 
blood, our aim should be to provoke contraction of the artc- 
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riolcs. As these vessels are constricted by sympathetic fibers, 
agents which stimulate the sympathetic center arc indicated. 
Prominent among these is belladonna, especially wlicn its alka- 
loid, atropine, is employed hypodermically. The best results are 
obtained when V120 Vuo g^ain (0.0005 to 0.001 gm.) — ^ac- 
cording to tlie strength of the patient — is thus given, with inor- 
phinc to grain (0.008 to 0.016 gm.), which also promotes 
contraction of the arterioles and relieves thereby the bronchial 
hypera'inia. Pelief is also afforded by burning paper previously 
dipped in a strong solution of potassium nitrate and an infusion 
of stramonium and dried, and inhaling tlie smoke. Cigarettes 
composed of siramonium, hyoscyarnits and cannabis Indica, and 
others, such as Pspic’s, available in all drug-stores, are composed 
of agents which act like belladonna and promptly relieve the 
attack when smoked, in Germany, Ncumcicr^s cigarettes, con- 
taining lobelia, stramonium, sodium nitrate, potassium nitrate 
and potassium iodide, arc extensively used. 

The coal-tar derivatives, antipyrin, aceianUid, plienacetin, 
which likewise stimulate the sympathetic center, are sometimes 
useful. Paraldeluyde has been recommended in doses ranging 
from 45 to 60 grains (3 to 4 gms.). Adrenalin 10 drops of the 
1 : 1000 solution, in 1 dram (4 gms.) of saline solution, hypo- 
(hu'iiiically, acts promptly. (See also p. 761, vol. i.) 

Tlic asn of alropitu?, introdiiml by Tronssoau, lias rcfciitly boon 
revived and highly reoomnieiidod by Von Noordon*- and Riogel.'^’ Tlie 
former begins witli Viw grain (0.0005 gm.) and gradually inereases 
the dose to Vm grain (0.0()(»5 gm.). I have bium using it over twiuity- 
fivo years, an(l prefer Viw grain (0.0005 gin.) combined with Vi grain 
(0.016 gm.) of morphine to produce an immedisite effect, repeating the 
(lose in two hours if necessary. F. P. Hearder** obtained rapid and 
complete relief in the majority of .30 case.s in which lie used paraldehyde 
in tlie doses mentioned. Whitaker^* reported a case in which 45 grains 
(3 gms.) caused collapse which lasted two days. 

Measures Wtuctt Tend to IIemove tite Causi:. — ^T he 
irritability of the vagal center (which may be influenced by 
afferent impulses from any portion of the body) may be per- 
petuated by any condition which causes it to receive a continu- 
ous flow of afferent impulses, differing from those normally 
received only in that they are more energ(*tic.* Nasal polypi 

* Author* » conclusion. 

Von Noorden : Thorap. Monats., Bd. xU, S. 5.19, 1898. 

” Riegel: Deut. med. Wooh., Bd. xxv, S. 669, 1899. 

** P. P. Heardcr: Brit. Med. Jour., Mar. 21. 1896. 

“ Whitaker: N. Y. Med. Jour., May 2, 1896. 



BRONCHIAL ASTHMA. 


1707 


or exostoses, by pressing on the nasal terminals of the /ifth 
nerve, may thus transmit a stream of stimuli to the pituitary 
body and keep its centers turgeseent and hypersensitive.* 
Hence, all organs within reach, the nose, the cars, the uterus, 
etc., should be examined to ascertain whether the predisposing 
cause of the asthma bo not located therein. The peripheral 
organs arc merely hypcra^sthetic in some cases, and the con- 
tact of irritating substance — dust, smoke, etc., in the case of 
the upper respiratory tract — suffices to provoke asthma. The 
source of the primary central irritability may also be a local- 
ized chronic congestion, i.c., hypertrophic rhinitis, gastritis, 
bronchitis, cystitis, etc., and slight additional irritation of thes(i 
structures by substances inhaled or ingested may bring on a 
paroxysm by further exciting the already hypcracsthctic center. 
The liability to attacks of asthma cannot be removed unless any 
such cause of central irritation be eradicated. 

In some of these ca.ses paroxysmal sneezing, to which the patient 
attaches but little importance, [loiiits to tho source of the central irri- 
tation. lly passing a probe over the Schneiderian membrane sensitive 
areas arc frecpiently found which provoke sneezing, congli and even tlysp- 
luea when touched. Chromic or glacial acetic acid applied to these areas 
suflices in some instances to prevent further accesses. In siich caises the 
local application of a 10 per cent, solution of cocaine in the midst of 
an attack of rsthma will arrest it. Pawinski’*“ observed a case in which 
the retention of urine was the cause of the paroxysms, these pas.sing off 
as soon as the patient was catheterized. Boas" has rei)orted several 
cases in which mild dyspeptic symptoms Aven* followed by sev(ue asthma 
and diffuse perspiration which lasted until the gastric disorder had 
disap])eared or had been relitwed by emesis. In asthmatic children 
whose breath is foul, the tongue furred, Landi^'* obtained immediate 
relief from emethfs or purgatives. These few examples illustrate the 
fact that asthma is a neurosis which may be claused by a multitude of 
conditions, and that it is only by a diligent searcli that the physician 
can discern tho primary cause of the di.:iease. 

When the cause of the disease (•aiiiiot be traced to any 
localized disorder, the central hypcrcxcitability is the result 
of repeated irritation by the toxins or endotoxins of several dis- 
eases acquired in rapid succession — the diseases of childhood, 
for instance — or it is due to the constant irritation to which toxic 
products of hypocatabolism submit the central neurons.* In 
either case the asthmogenic agents arc the same: an excess of 
these toxic wastes in the blood.* As their presence therein is 

♦ Author^a roncluMon. 
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due to imperfect metabolism, the aim should be to enhance this 
process. Potassium iodide is recognized as the most beneficial 
agent we possess when given in doses of from 5 to 10 grains (0.3 
to 0.6 gm.), three or more times a day, according to the severity 
of the case. This agent produces its effects by actively sti?nu- 
lating tlie adrenal center, thus causing a marked increase of 
auto-antitoxin in the blood.* The products of metabolism 
being adequately catabolized and converted into benign eliniin- 
able products, the vagus center and tlic bronchial mucosa are 
no longer irritated and the paroxysms of asthma finally cease. 
Thyroid gland, in h) 1 grain (0.03 to O.OG gni.) doses, acts in 
the same way, and is especially useful in children (in correspond- 
ingly smaller doses) and as a substitute for potassium iodide 
when this agent is not well borne.* Adrenal, gland, in 2-grain 
(0.13 gm.) doses may be combined with it advantageously. 

The disease is readily controlled by giving potassium iodide, 5 
grains (0..3 gni.), and the tincture of belladonna, 5 minims (O.S gm.), 
together in a uiixtiiro every three hours at first, then the iodine alono 
in 10-grain (0.0 gm. ) doses in a tumblerful of watin* during each meal. 
If there nmiains some tendency to dyspmra, 1 grain (0.065 gm.) of thy- 
roid gland after each meal will serve to dissi])ate it. In uncompli- 
cated cases this plan is very effectual. The iodide may be increased 
to 20 grains (1.3 gins.) three time.s daily if needed. As stated by Hare,^® 
asthmatics boar large doses of this agent without causing iodism. 

An interesting feature in connection with effects I ascribe to tlio 
iodides and thyroid, i.c., an increase of auto-antitoxin in tlie blood, is 
the observation of Kevilliod’® that diphtheria antifJbxin — which is similar 
to the endogenous antitoxin as regards constituents — had proved very 
beneficial in severe cases. Suggestive also is the beneficial though . 
ephemeral influence of adrenal extract and adrenalin, noted by S. Solis- 
Cohen,'“ Hullowa and Kaplan®- and others. As cmpliasized by »S. Solis- 
Cohen, however,®® it is powerless to relieve an acute paroxysm, but 
tends, when given during the intervals, to diminish the tendency to 
recurrence. The iodides and thyroitl produce the effects of diphtheria 
antitoxin and adrenalin, but far more eflicaciously by stimulating per- 
sistently the adrenal center. 

An important feature of the treatment of astlima is the 
diet. The attacks occur at night in the majority of causes, be- 
cause during sleep all vital processes are somewhat depressed. 
Catabolism being correspondingly less active, toxic wastes accu- 
mulate in the blood and finally provoke the attack. A light 
evening meal, without moat, is, therefore, indicated. Tn severe 
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cases, especially when the dyspnoea is continuous, a milk diet 
of three or four weeks’ duration, followed by a frugal mixed 
diet of milk and vegetables, in which meat is partaken of but 
once daily, and at the midday meal, is almost curative, the 
milk diet being resumed when the asthma tends to recur. 

Alcohol is contraindicated, since it deoxidizes the blood; 
pure water, on the other hand, when drunk freely, facilitates 
the wopk of the kidneys by lowering the specific gravity of the 
fluids passed through them. The bowels should move freely, 
mild saline laxatives being used when necessary. 

The plain dictetie measures enibotiied in the first paragraph, rec- 
ommended by lluehard,*^ will be found very elTeetive. Thorowgood** 
refers to eases in which reducti<m of the diet alone gave rise to remark- 
able relief. Many instances of this kind have been recorded. 

llYPERiKSTHETlC RHINITIS (HAY-FEVER, ROSE COLD, ETC.). 

Synonyms. — Hay Asthma; June Cold; Catarrhus JEsti- 
vus; Idiosyncratic Coryza; Peach Cold; Pollen Catarrh; Rag^ 
weed Fever; Summer Catarrh; etc. 

To eliminate the array of absurd names which have been given 
this disease, some of which appear in the above list, I suggested in 1886 
the term “Jlyperujsthetic Rhinitis’* as best typifying its salient phe- 
nomenon: extreme sensitiveness of the upper respiratory tract. As 
T will show in the following pages, this term, which iias been adopted 
by several authorities, is fully justified. Hence its appearance at the 
head of this article. 

Definition. — ITypencsthctic rhinitis, a periodical acute 
coryza often accompanied by asthma, is due to excessive irrit- 
ability of the trigeminal center, a condition sustained by toxic 
wstes which are present at all times in the blood of these cases, 
owing to functional torpor of the adrenal system. The period- 
icity of the disease is due to the presence in the air, at fixed 
seasons, of certain pollens, which, coming into contact with 
the hyperjesthetic terminals of the trigeminus in the nasal 
mucosa, provoke the attack.* 

Symptoms. — ^Fhe affection presents itself at periodic yearly 
intervals, either in August and early September, or else in the 
months of May or June. Tn some individuals two attacks occur 
in the year. The subject is often able to state the day and even 


*Aunmr*R definition. 

“*Hiichard: Jour dp& pratlclcnB, Feb. 22, 1896. 
Thorowgood : Med. Press and Circular, Dec. 16, 1896. 



1710 INTERNAL SECRETIONS IN PATHOGENESIS AND TREATMENT. 

the hour at which tlic onset is to occur. The summer variety of 
the affection is in general less severe and of shorter duration 
than the autumnal variety. 

In some cases, mainly those of long standing, premonitory 
symptoms appear several days or even two weeks before the 
true onset. They may include general malaise, frontal head- 
ache, itching at the roof of the mouth and eyes, sensations of 
chilliness, and slight fits of sneezing. The symptom® of the 
actual attack may last only a few days, and resemble those of 
an ordinary cold in the liead, or may be of more violent form, 
and are sometimes accompanied by asthma. 

A sensation of violent itching in the nose generally marks 
the onset of the affection, and causes prolonged sneezing. With 
this may be associated pricking and stinging at and near the 
inner canthi, followed by profuse lacdiryination. An abundant, 
watery, and alkaline discharge from the nose soon appears, 
which causes more or less irritation of the nostrils and upper lip. 
Kespiration through the nose becomes much impeded through 
swelling of the nasal mucous membrane. Pain is present over 
the bridge of the nose; there is often also frontal headache, and 
pains in the eyeball or back of the head. Itching at the roof 
of the mouth and on the face is often complained of. Other 
possible manifestations comprise chilly sensations, loss of 
smell and taste, tinnitus aurium, partial deafness, involvement 
of the air-sinuses, pharyngitis, hypera^sthesia of the scalp; as 
well as general symptoms, such as moderate pyrexia, disordered 
stomach and flatulence, urticaria, with inability to perform 
mental work. 

As the affection progresses, the nasal discharge becomes 
thicker in character, and may be muco-])urulent. Photophobia 
and chemosis are prone to develop, and, occasionally, pseudo- 
membrane is formed in the nasal cavities. Tho attack may last 
from several days to as long as a few weeks, and when left 
untreated does not tend to disappear until the constituent of 
the atmosphere that causes the irritation is removed. Usually 
both onset and decline of the symptoms are sudden, but in some 
cases they may be more gradual. 

Asthma not infrequently occurs as a complication of hay- 
fever. In most cases it begins a few days after the primary 
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nasal symptoms have appeared and as soon as these become 
marked. There comes a fcelin^^ of soreness in the pharynx, 
wliich is soon followed by hoarseness, slight cough, and a sense 
of tightness about the chest. These symptoms gradually in- 
crease in intensity and arc generally w'orse at night. Some- 
times they cease with the nasal symptoms, but in many other 
eases last for weeks or even months after the catarrhal attack. 

Etiology and Pathogenesis. — The predisposing cause of hay- 
fever is an excessive irritability of the trigeminal center in the 
pituitary body, due to the presence in the blood of toxic waste- 
products.* The presence of these toxic wastes is in turn the 
result of hypoactivity of the adrenal system, a condition which 
may be eiiher inheriiod or brought on by diseases of an adyn- 
amic type, (‘specially those of childhood.* The pro})ortion of 
adrenoxidase fornunl being inadeipiate, catabolism is carried on 
imperfectly and the intermediate xvastes that are constantly 
present in the blood sustain the hypersensitivenc'ss of tlic tri- 
geminal center.* 

As a result of this trigeminal oversensitivenoss,* the mu- 
cous membranes, particularly those nearest the pituitary body,* 
i.e,, the nose (when the seat of local lesions, hypertrophies, 
polypi, exostoses, etc., especially), the eyes, pharynx, ear, and in 
some cases the (mtire respiratory tract, arc hyperjcsthetic. Some 
patients show evidence of this condition by fits of paroxysmal 
sneezing throughout the yc^ar, under the influence of certain 
irritants, emanations, etc., others only at fixed pt‘riods, wluui 
(‘crtain pollens arc present in the air breathed. Tlie patients of 
the latter category constitute the cjascs of ^^ros(‘-t?old” that occur 
in l\!ay or June, and those of ‘^lay-fevcr” that oc(‘ur, as a rule, 
in August. 

Tliat hay-fever is a neurosis was first shown hy Cleorge W. Beard, 
of New York, in 1870, while the rfde of ]io11(‘u ais the most frequent 
exciting factor was demonstrated the following year hy Elias Marsh, 
of New .Tersey. That lesions, gi’owths, polypi, etc., play an im])ortant 
part in the pathogenesis of some cases, was demonstrated hy W. II. Daly, 
of Pittsburg, ill 1882, and in 1884 hy Harrison Allen. All these features 
of the problem have been sustained by a large nuiTd)er of investigators. 

tIh^ identity of the underlying eanse of the disease, a general 
adynamia, was demonstrated by myself in 1885'’‘" after a study of 40 
cases. Of these, iiiiioteeu showed a clear history of inherited predis- 
position to liay-fevcr, asthma, etc., while the rest had been rendered 
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vulnerable by a large number of iliseases of childhood: 55 per cent, 
having had six of theae diseascii, and 85 per cent, four of them. This 
view was independently sustained by Joal,” Cartaz®* and others. Fink®*^ 
holds that “the patient is always neurasthenic.” 

The ubiquitous result of such adynamia, i.e., defective metabolism, 
as manifested by the “arthritisme” of French authors or our “gouty 
diathesis,” has been noted by many observers since Gu6neau and Mussy 
(1868) suggested it. Lellaive®“ having found that the uric acid ratio 
of the urine before and after attacks corresponded with that of gout, 
also ascribed the disease to the “gouty diathesis.” Bishop, of Chicago, 
also urged this view in 1893. Grube"^ emphasized the fact that “most 
cases are among patients having gout or of gouty tendency, or with a 
history of gout in the family.” 

The next factor, the hyperiesthesia of the nasal and other mucous 
membranes, was first urged by John O. Rot*, of Rochester, in 1883, and 
in 1884 by J. N. Mackenzie, of Baltimore, and others, the last-named 
observer concluding that there was also “a hyperuesthetie state of 
(probably) the vasomotor centers.” The presence of “sensitive areas” 
in the nose may in fact be readily discerned with the aid of a probe, 
and has formed the basis of remedial measures. 

The pathogenesis 1 submit in the general text coincides, therefore, 
with all the strongest doctrines that have been advanced, and — ^a sug- 
gestive fact — harmonizes them all. As to the role of the pituitary 
body — which contains, according to my views, the chief trigeminal cen- 
ter in the process — Cyon, we have ceen, found that the nasal mucous 
membrane at once lost its usual sensitiveness (which, on irritation, 
provokes sneezing, lachrymation, etc.) after the pituitary was removed, 
and that even the most active stimulants, ammonia, for example, failed 
to elicit the least response.” 

Treatment. — PKoniYLACTTC Measures. — The constitutional 
factor of the disease is obviously of major importance in this 
connection, the object being to diminish, by a judicious diet, 
the toxic wastes which sustain the hypersensitiveness of tlie 
trigeminal center.* The nearer the indications for gouty sub- 
jects are followed, the belter the patient fares. The reader is 
referred to the treatment of gout®^ for the prophylactic meas- 
ures indicated. 

Of equal importance is a thorough examination of the 
nasal cavities and the correction of any deformity which, when 
the mucous membrane is slightly engorged* and swollen, causes 
opposite surfaces to meet. Polypi are not infrequently found 
in hay-fever cases; their removal alone affords marked relief; 
this applies likewise to sharp exostoses. On the whole, any dis- 
order of the nasal cavities tends to aggravate the hyperaesthesia, 
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and should be removed. If the probe passed gently over the 
nasal mucous membrane indicates the presence of areas that are 
exquisitely sensitive, their cauterization by the electric cautery 
or acids tends greatly to prevent the attack, especially if done 
within two or three weeks before the periodical onset. 

As to preventive remedies, those which provoke destruction 
of all toxic wastes are the most beneficial, since they rid the 
blood of the cause of the trigeminal irritant.* The best of 
these is thyroid gland, 2 grains (0.13 gm.), three times a day 
(during meals) in adults, reduced after the fourth day to 1 grain 
(0.06 gm.), thrice daily.* This should be begun about four 
weeks before the onset of the periodical paroxysm.* Strychnine, 
in doses of ‘Ab to V 20 grain (0.0016 to 0.003 gm.), is also 
beneficial in some cases when the arterial pressure is low. 
Digitaline, in doses of from '/go to Vio grain (0.003 to 0.0065 
gm.), during breakfast and supper, is indicated when there 
is simple cardiac dilation owing to general adynamia.* Atropine, 
Vioo grain (0.00065 gm.) granules, night and morning, by 
enhancing the propulsive activity ot the arterioles, increases tho 
nutrition of the nerve-centers, including those of the pituitary 
body,* but its action on the pupil renders it an objectionable 
remedy. Quinine hydroclilorate, 3 grains (0.2 gm.), after meals, 
fulfills the same object by causing a rise of the blood-pressure.* 
The effects of these two remedies are ephemeral, however, and the 
first three are much to be preferred. 

An important feature of the paroxysmal period as well as 
of the paroxysm itself, is to counteract acidosis, or what might 
be termed ^^ammoniosis,” an excess of ammonia — an intermedi- 
ate waste in this connection. This is readily accomplished by 
the use of Vichy water as a beverage, a quart being taken dur- 
ing the twenty-four hours.* The osmotic properties of the body 
fluids are thus preserved, and the elimination of wastes by the 
urine, intestine and sweat is facilitated. The same end is 
attained by drinking daily a quart of spring water containing 
one teaspoonful of sodium chloride and a similar quantity of 
sodium bicarbonate.* 

Strychnine, atropine and quinine have been used and recommended 
by others; I do not find evidence to tho eflfect that thyroid extract Of 

* Author* 8 conclusion. 
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digitalin have been used so far, except by myself. In suitable cases and 
when the dietetic measures recoinmencfed were carried out faithfully 
by the patient, they gave the best results. 

The importance of acidity or excessive alkalinity of the nasal secre- 
tions in the pathogenesis of the disease, was first shown by D. Braden 
Kyle, of Philadelphia,” who writes in this connection: “That the chem- 
istry of the secretions has to do with the causal factor, I have illustrated 
in a number of cases by rapidly changing the reaction of the secretion 
either from acid to alkaline or alkaline to acid, or rendering it neutral, 
and in- many instances I have been able either partially or wholly to 
cure the attack.” The author holds,, moreover, that in a certain pro- 
portion of cases, the ammoniacal salts eliminated by the nasal mucous 
membrane act as irritants — sufficiently so in fact to bring on an attack. 
There is doubtless considerable truth in this view, since, as I have 
shown in the preceding articles, bronchitis and bronchial asthma are 
caused by a vicarious elimination of toxic wastes through the bronchial 
mucosa. That these ammoniacal salts are wastes is evident. Allan- 
toin, which results from the oxidation of uric acid by potassium per- 
manganate, for example, is an ammonia derivative; we not only have 
the uric acid in the bipod-plasma of these cases, but also the counter- 
part of potassium permanganate as a powerful oxidizing agent, viz.: 
adrenoxidase. 

Agents Indicated During the Attack. — The paroxysm 
being brought on reflexly by irritants in contact with the mucosa 
of the tipper respiratory tract, the morbid process is as follows: 
Sensory impulses are transmitted to the trigeminal center of 
the posterior pituitary; this center being hypersensitive, the 
stricto-dilator impulses it transmits to the vasa vasorum of the 
arterioles of the mucous membranes are so energetic that these 
vessels are held widely dilated, thus causing intense congestion 
of the sinuses of the nasal mucosa and of the capillaries of the 
neighboring organs — the exciting cause of the distressing 
symptoms.* 

The physiological indication, therefore, is to provoke con- 
striction of the arterioles by means of agents which excite the 
sympathetic center sufficiently to enforce it.* This may be 
done by means of opium, acetanilid, antipyrin or any of the 
analgesics, in fact, since it is by causing constriction of the 
arterioles that they relieve pain.* Codeine is the safest of the 
opiates, and may be given in doses of V 4 grain (0.016 gm.), 
four times in the twenty-four hours. Acetanilid, in 5-grain (0.3 
gm.) doses, may be given three times daily, ceasing if there is 
any tendency to cyanosis. 

The best effects are obtained by using simultaneously vaso- 
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motor depressants and sympathetic stimulants.* The first of 
these, by relaxing all arteries, deplete the peripheral capillaries 
— ^including the sinuses of the nasal mucosa — and thus facilitate 
constriction of the arterioles by the second class of agents.* 
IMiq coal-tar products become dangerous under these condi- 
tions; but codeine and atropine, which constrict the arterioles 
when they are dilated, are not, given as stated above; to de- 
press the vasomotor, sodium bromide and chloral hydrate, 10 
grains (0.(5 gm.) each on retiring, or, if the patient is ren- 
dered sleepy in the day time, veratrum viride, 10 drops (1905 
U. S. P.) of Norwood’s tincture, may bo used instead. 

Whatever remedy is used during the paroxysm, general 
metabolism should be sustained, avoiding drugs such as strych- 
nine and digitalis, which increase the vascular tension. Thyroid 
extract, 2 grains (0.13 gm.) twice daily, is the best agent at our 
disposal.* Adrenal substance, 5 grains (0.3 gm.) every three 
hours, has been recommended by several observers. 

The adrcniil substance was found useful by S. Solis-Cohen,"* Bea- 
man Pouglasa“ and others. Interpreted from my standpoint, however, 
the action of this agent can only be ephemeral, and it is better to sus- 
tain the production of the adrenal secretion itself by means of thyroid. 

IjOCAL Treatment. — llie main feature is to promote con- 
traction of the nasal sinuses and capillaries. Cocaine, if used at 
all, should be applied by the physician only, a spray of a 10- 
per-cent. solution being very efficacious. A lietter and safer 
agent is adrenalin chloride, but only when a weak solution, 1 
in 10,000, is used, stronger solutions causing such violent con- 
striction of the arterioles that they become exhausted and 
markedly relaxed* when the reaction occurs, aggravating the 
trouble. 1'he adrenalin ointment 1:1000 does not present this 
drawback, and promptly reduces the swelling of the mucosa. 

To protect the nasal surface against the irritation of pol- 
lens, dust, smoke, etc., a solution of menthol in fluid albolene, 
10 grains (0.0 gm.) to the ounce, may be sprayed over the 
mucosa after using the adrenalin solution. It tends also to 
perpetuate the effect of the latter. 

Dunbar’s “pollantin” cannot l)e taken ii|)l in this conmu'tion, since 
I have no data upon which its physiological action can be based. Tlie 
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««S. SollB-Cohen: Phila. Med. Jour., Aug. n, 1898. 

"Beaman Douglass: N. Y. Med. Jour., May 12, 1900. 



1716 INTERNAL SECRETIONS IN PATHOGENESIS AND TREATMENT. 


renults have been excellent according to some, and practically nil in the 
hands of others. Prausnitz"* states that Dunbar’s work lifts proven 
beyond doubt that hay-fever is due to the pollen of graminacese, which 
lloat in the air in enormous quantities during the hay-fever season. 
The toxin is probably of proteid character. It is likely, according to 
Prausnitz, that the antitoxin of Dunbar acts by causing an actual 
diminution of the toxins. 

Hurry and excitement tend to enhance the trouble by 
causing an accumulation of toxic wastes in the blood. Another 
factor which tends to aggravate the central hypersensitiveness 
is bright light; hence the comfort afforded by dark glasses. 

PERTUSSIS. 

Synonym. — Whooping-cough. 

Definition. — Pertussis is an infectious disease characterized 
by a violent reflex cough, due to irritation of the vagal sensory 
terminals in the mucous membrane of the respiratory tract by 
a specific germ of unknown identity.* 

Symptoms. — After a period of incubation of from four days 
to two weeks, a coryza and cough appears which soon assumes a 
paroxysmal character. The cough is dry, short and forcible — the 
face becoming highly congested and cyanotic, the eyes suffused, 
the eyelids puffed up, etc. — and lasts until the chest is prac- 
tically depleted of air. This is followed by the characteristic 
symptom of the disease, the ‘Vhoop,’^ due to unusually vigorous 
inspiration. A clear, viscid mucus is then brought up, often 
accompanied by emesis of the contents of the stomach, and by 
involuntary micturition and defecation. Several of such at- 
tacks may follow in rapid succession, the child becoming livid 
and falling exhausted, and the pulse being extremely feeble and 
rapid. Such attacks occur from six to fifty times a day and most 
frequently at night. After a couple of weeks, the severity of 
the attacks lessens and they occur less frequently. 

In most cases the general condition of the child remains 
relatively good ; in others, the attacks are so severe that haemor- 
rhages occur in the conjunctiva, eyelids, brain, etc. Among 
other complications witnessed are broncho-pneumonia, emphy- 
sema and nephritis, various forms of paralysis, and convulsions. 

• Author* a definition. 
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Etiology and Pathogenesis. — Pertussis is due to the pres- 
enee upon the mucous membrane of the respiratory tract of an 
organism of unidentified nature (though probably Bordet and 
Gengou’s recently discovered organism) which, owing to the 
irritating character of its toxin or endotoxin, causes violent local 
irritation and reflex cough.* As all coughs are due to impulses 
transmitted by the vagal center in the posterior pituitary,* it 
is this center upon which the brunt of the disease falls.* 

The complications are not due to the pathogenic element 
itself, but to the violence of the muscular phenomena, skeletal 
and vascular: the emphysema is due to the centripetal pressure 
of the air, the paralysis to cerebral thrombi, the cardiac dila- 
tion to the intense blood-pressure,* etc. 

There is a certain amount of absorption of the toxin since 
there occurs a protective reaction, as shown by the rise of tem- 
perature (100° to 101° P. — 37.7° to 38.3° C.) and the marked 
leucocytosis — both of which indicate that the adrenal system is 
hyperactive.* 

The association of pertussis with irritation of various parts of 
the respiratory tract has been suggested by a number of observers. 
Ritter,*" for instance, ascribed it to wliat lie termed the “diplococcus 
tussis convulsive;” Arnheim** to a bacillus resembling that of influ- 
enza, first described by Czaplewski, found in patches throughout the 
respiratory tract — the identical areas which Nothnagel and Kohts had 
described as “cough areas.” In common with all other investigators, 
Burman considers these hypera;athetic areas as the sensory terminals 
of the vagi. The minute bacterium recently discovered by Bordet and 
Oengou,"® which differs from those of Afanassieff, Czaplewski, Manica- 
tide, Vincenzi and others, proved extremely irritating when applied 
locally. Injected into the eye of a dog, it caused the cornea to become 
white and opaque, showing, according to Bordet and Gengou, that the 
organism probably excreted necrotizing toxins. 

'Tliat the adrenal system is overactive during the disease is not 
only shown, as stated, by the febrile reaction, but also by the leucocy- 
tosis which, as stated by Churchill,^® is present in almost all cases. 
Grulee and Phemister^*- found that it ran^d from 12,500 to 48,500 in 
a series of fifteen cases studied by them. 

Treatment. — To Incukask the Bactericidal Activity op 
THE Secretions of the respiratory tract is of first iudication. 
Quinine, in large doses, 15 to 20 'grains (1 to 1.3 gm.) daily, 
doubtless owes its value to the fact that by stimulating the 

* Author* s conclusion. 

07 Ritter: 7birl., Bd. xxxlii, S. 1040, 1069. 1896. 

" Arnheim: Virchow’s Archly, Bd. clxxiv, S. 530, 1903. 

** Bordet and Gengou : Le scalpel, Sept. 2, 1906. 

TO Churchill: Jour. Amer. Med. Assoc., May 19, 1906. 

n Grulee and Phemister: Archives of Pediatrics, Aug., 1906. 
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adrenal system and the sympathetic center, it increases the 
propulsive activity of the arterioles and thus augments the 
proportion of blood rich in auto-antitoxin into all capillaries, 
including those of the mucosa of the respiratory tract and its 
secretions.* Belladonna is likewise a favorite remedy, Ve to 
V2 grain (0.01 to 0.03 gm.), according to the age of the child, 
being given three times daily. Its action is similar to that of 
quinine, as to the arterioles.* Creosote carbonate in 3- to 10- 
grain (0.2 to O.G gm.) doses thrice daily, is an efficient remedy 
which also augments the auto-antitoxin in the blood, and di- 
lates the arterioles, thus admitting also a larger proportion of 
blood into the mucosa and its secreting elements.* Creosote 
has been found useful when inhaled, and may be advantage- 
ously employed in this maimer while the carbonate is given 
internally. 

All these remedies, excepting the creosote carbonate, are familiar 
to all clinicians in this connection, and are only mentioned to indicate 
their physiological action according to my views. Kcrley,'^-* in a compara- 
tive study of 752 cases, found quinine in large doses the most elTective 
agent among those mentioned above. TyrrelP” also regards it as our 
best remedy; he uses the hydrochloratc. 

Drugs which Rkduce the Sensitiveness of the Mucous 
Membranes arc useful to reduce the number of paroxysms. 
Antipyrin, which has been found useful, insures this effect by 
causing constriction of the arterioles;* it is given in 1-grain. 
(0.065 gm.) doses for each year of the child’s ago (the maximum 
being 4 grains [0.25 gm.]), three times daily. Acetanilid is 
preferable in that it docs not tend to cause cyanosis as readily. 
The sodium or potassium bromide accomplishes the same object 
in a different way, viz., by depressing the vasomotor center and 
causing the blood to recede from the peripheral capillaries.* 
Chloral hydrate produces a similar effect* and is useful at night 
to prevent the nocturnal paroxysms. 

These remedies give the pathogenic germ free sway, how- 
ever.* Their pullulation should be antagonized, therefore, by 
antiseptic sprays or steam, using a 5 to 1000 solution of carbolic 
acid, 10 to 1000 solution of resorcin, a 1 to 5000 of corrosive 
sublimate, or better, the creosote inhalations previously re- 
ferred to. 

* Author's conclusion. 

” Kerley: Pediatrics, May 1, 1900. 

» Tyrrell: Medical Record, July 22, 1906. 
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A very efficient measure as a derivative is the application of 
hot poultices to the back of the lungs, and the use of 4 wide 
belt to constrict the abdomen and sustain it during the 
paroxysms. 

The hot poultices recommended by J. Madison Taylor have been 
found of considerable value by McKee^* and others. The poultice is 
made large enough to cover the posterior surface of the lungs, and on 
this the child is permitted to lie for one hour 'without change. Relief 
is almost immediate. An excellent belt is that devised by Kilmer" and 
sold by Jungmann of New York. 

Fresh air and out-of-door life arc as beneficial in cases of 
pertussis as they are in tuberculosis. Dust, smoke, tobacco 
smoke, etc., greatly aggravate the irritation of the respiratory 
surfaces and increase the paroxysms. The child should be 
dressed warmly, and should, as much as possible, not be allowed 
to become excited. 

To shorten the accesses, ^raylor^s combination of three 
parts of chloroform, five parts of ether, and one-half to one part 
of amyl nitrite^ is very effective. A few drops of the mixture 
are applied on a handkerchief and held under the nose. The 
last-named remedy is the main factor in the effect produced, 
acting as it docs by relaxing the excessive vascular tension. 


McKee: Phlla. Polyclinic, Sept. 14, 1895. 
Kilmer: Archives of Pediatrics, Feb., 1907. 



CHAPTEE XXX. 


THE INTERNAL SECRETIONS IN THEIR RELATIONS 
TO PATHOGENESIS AND THERA- 
PEUTICS {Continued). 

THE ADRENAL SYSTEM IN THE DISEASES OF THE 
ALIMENTARY CANAL. 

The series of diseases embodied in the present chapter is 
intended to illustrate three salient facts: (1) the cardinal role 
which the intestinal canal fulfills in the defence of the body at 
large against infection by increasing, when necessary, the pro- 
portion of auto-antitoxin in the intestinal juice; (2) that cer- 
tain toxins, endotoxins or other poisons can depress and even 
paralyze the vasomotor and sympathetic centers precisely as is 
the case with depressing drugs; and (3) the fact that the 
deprivation of auto-antitoxin which maternal, or at least breast- 
milk, entails when infants are hand-fed accounts for the fatality 
of intestinal diseases among them besides, as already shown in 
the preceding chapter, rendering them highly vulnerable to 
infection. 

CHOLERA ASTATIC A. 

Synonyms. — Epidemic Cholera; Cholera Algida; Cholera 
Maligna. 

Definition. — Asiatic cholera, an infectious disease caused 
by Koch’s comma bacillus, is due to paresis of the test-organ 
and the vasomotor and sympathetic centers by the endotoxin of 
this pathogenic organism.* 

Symptoms. — After an incubation period varying from two 
to five days, the disease sets in by a premonitory diarrhoea often 
accompanied by slight colicky pain and borborygmus. The pa- 
tient feels well otherwise. After a period varying from a few 
hours to a few days, however, he becomes weak, experiences 
fleeting cramps in the extremities and ehills, and, perhaps, ver- 
tigo or faintness. This is accompanied by a change in the char* 
acter of the stools. 

* Author*9 deflniUon. 
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This introduces the stage of serous diarrhmj in which the 
stools, from faecal or bilious, become fluid and serous, devoid of 
faecal odor and laden with rice-like flakes, thus constituting the 
"rice-water” stools. Several of these stools, each representing 
a large quantity of blood-serum, may be passed without pain, 
but soon abdominal cramps are experienced and vomiting sets 
in — ^also of "rice-water” — accompanied by a feeling of intense 
exhaustion. Gradually as the loss of serum increases, thirst 
becomes greater, until it is intense and insatiable, and the urine 
becomes scanty or absent. The face is at first pale, but it soon 
assumes a leaden hue. As the flux increases, the patient grows 
steadily weaker, the pulse being small, weak and rapid, and in 
some cases irregular. 'Fhe muscular cramps may also become 
severe and the extremities cold. This may prove to/be but an 
attack of "choleraic diarrhoea” or "cholerine,” often met with 
during cholera epidemics. Tf this be the case, the symptoms 
gradually improve and the patient finally recovers. On the other 
hand, collapse may oc(;ur more or less suddenly, followed by 
death. Such a case may last from six hours to two days. 

If the case prove to be one of true cholera, it lapses into 
the algid stage. As described by a clinician who has observed 
many such cases, "this is announced by a lessened frequency 
and abundance of the dejections, which sometimes cease alto- 
gether. In a few hours, however, the patient’s condition grows 
rapidly worse; the countenance is altered — the cheeks become 
hollow, the eyes sink deeper in the sockets, are encircled by a 
black ring; there are pains in the head, ear-tinglings, dizziness 
and blurred vision ; the voice becomes hoarse and is soon extin- 
guished. A feeling of anxiety assails the patient, who suffers 
from the most excruciating vomiting, hiccough and cramps in 
the calves. Cooling of the surface increases, all external parts 
being, as it were, frozen; but the patient feels an internal, very 
troublesome heat, explained by the fact that the temperature 
of the skin, mouth, etc., is much lowered, while that of the in- 
ternal organs is raised and even febrile. At the same time the 
skin takes a bluish tinge with black marble-like veins coursing 
over the hands, feet, penis, and with increasing cyanotic dark 
hue of the nails. The pulse becomes weaker and smaller, until 
it disappears, first from the radial arteries and then from the 
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crurals and' even the carotids, while the heart-beats gradually 
disappear, the sounds becoming weaker until finally only the 
second sound is heard. To this, great emaciation is added, the 
body growing thin and the skin wrinkled. Breathing is fre- 
quent and diflBcult ; every secretion is dried up, with the excep- 
tion of that of the sudoriferous glands, a cold and clammy 
sweat covering the cutaneous surface. At the end of this stage 
the patient becomes extremely apathetic and somnolent, loses 
consciousness, slowly turning his eyes toward a person speaking 
to him, and at times answering some words with great fatigue, 
but immediately falling again into stupor. A period of agita- 
tion, during which the patient tries to rise and utter vague 
words, sometimes precedes this stage of collapse, which generally 
— in more than three-fourths of all the cases — grows worse, and 
ends in death, ^riie whole duration of the algid stage is from 
a few hours to two or three days.^^ 

When the patient survives the algid stage, the reaction 
stage begins, i.e,, general improvement of all the symptoms and 
after a few days convalescence. In some cases, however, several 
of the symptoms persist, the anuria, hypothermia, dyspnoea, 
etc., and the patient may suffer a relapse which may prove fatal. 
In others, again, symptoms recalling those of typhoid fever 
occur — the so-called ^^cholera-typhoid,^^ attended by delirium, 
a dry tongue, etc. This also may terminate fatally. Finally, 
the convalescence may be protracted and be attended by various 
complications which include many forms of cutaneous eruption, 
gastro-intestinal disorders, infiammatory disorders of the throat, 
lungs and brain, cerebral softening, insanity, tetany, palsies, etc. 

Various clinical types occur, but they differ mainly through 
the intensity of the symptoms. Thus cholera siderans, observed 
sometimes in India, may run its course in a few hours, and in 
rare cases in a few minutes. Again, there are cases in which 
there is no diarrhoea, the so-called dry cholera, the absence of 
flux being due merely to the fact that the fluids accumulate in 
the intestine, because paralysis of the latter prevents their ex- 
pulsion. 

The clinician referred to in the text ia Professor Rubino, of 
Naples.* He clearly defines in his description of the algid stage several 
features which are of special importance when interpreted from my 
standpoint. 

^ Rubino: Sajous’s “Analyt. Cyclo. of Pract. Med./' vol. 11, p. 210, 1898. 
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Pathogenesis and Pathology. — Asiatic cholera is due to 
poisoning by an endotoxin contained in Koch’s comma bacillus, 
which is liberated after death and disintegration of this micro- 
organism. Althougli infection occurs through the alimentary 
canal, even large (juantities of specific bacteria may be ingested 
and be found in the stools without causing the disease, provided 
the functional efficiency of the body’s auto-protective mechanism 
be perfect.* Children are vulnerable to cholm-a because this 
mechanism is not fully developed; the aged are vulnerable be- 
cause it has become w'eakened in them, as it does under the 
influence of any debilitating condition, ill-health, overwork, alco- 
holism, deficient food, etc., all of which also predispose to the 
disease.* 

The gastric juice does not afford protection against water- 
borne cholera bacilli as believed by some, ^rhe main protective 
influence is exercised by the auto-antitoxin of the intestinal 
juice.* 

It is now generally recognized that the poison is an endotoxin freed 
only by death and disintegration of the germ. Pfeiffer* found this poi- 
son intensely toxic. Cantani and Ganialeia* and others have made simi- 
lar observations. Its identity is not established, however, but, as shown 
by Nicati and Rietsch,* Van Krmengem,* Koch, Pfeiffer and other in- 
vestigators, the injection of pure culture of the bacillus into the intes- 
tine or the peritoneal cavity of animals evokes pathological changes and 
symptoms similar to those observed in cholera Asiatica: marked weak- 
ness, feebleness of the heart’s action, marked coldness of the head and 
extremities, etc. Moreover, Koch’s bacillus is always found in the stools 
of cases of Asiatic cholera, and in this disease only, Pettemkofer and 
Emmerich, Master lik® and others, however, as is well known, not only 
swallowed without evil results large quantities of cholera cultures, but 
as shown below, various observers have found that normal stools may 
contain virulent cholera vibrios though the patient show no sign what- 
ever at the time or subsequently of cholera. That it is only under cer- 
tain predisposing conditions, therefore, that the disc‘ase can develop, is 
obvious. As stated by Tyson, ^ “general ill-health, fatigue, the alcoholic 
habit, depression of spirits, fright or anxiety, any one or all may bo 
predisposing causes. All ages and sexes are liable to be infected, but 
young children seem most vulnerable,” and, I would add, aged people, 
the poor and ill-fed likewise. 

When, therefore, emigrants, pilgrims, etc;., coming from regions in 
which the disease is always endemic, as it is on the borders of the 

* Author* B conclunion. 

a Pfeiffer: Zeit. f. Hyg. u. Infects., Bd. xl. S. .393, 1891. 

a Cantani: Cited by Oamaleia: Arch, do m^d. expSr. et d'anat. path., vol. 
Iv, p. 173, 1892. 

* Nlcatl and Rletsch: Arch, de physiol, norm, et path.. 3 8<^rle, T. vi, p. 72, 

1885. 

>Van Ermengem: Bull, de I’Acad. roy. do m6d. de Beige, 3 sdrle, T. xvili, 
p. 1221, 1884. 

•Hasterllk: Wiener kiln. Woch., Bd. vi. S. 167, 1893. 

7 Tyson: ''Practice of Medicine," third edition, p. 92, 1903. 
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Ganges, into communities containing such debilitated subjects, especially 
when the local hygienic conditions are defective, they coinmunicate it 
to them indirectly, t.e., through the intermediary of the soil, the water 
and the food which they con^minate with their germ-laden discharges, 
their soiled linen, etc. Uubino" writerf in this connection: “Cholera 
vibrios can live only for a short time in fcecal matter, seldom longer 
than two or three days;” . . . “they live, on the contrary, very 

long in the soil, especially when they find in it a proper nutritious 
material; it seems rather that their virulence is then heightened, the 
elaboration of their poison becoming more rapid and intense. They can 
live also on the outer surface of fruits and vegetables (the duration 
being then from one to six days), and even on the cut surface of these, 
where their life may Inst for a time ranging from one hour (on very 
acid fruits) to two weeks. Cholera vibrios can grow freely in water, 
especially when it is stagnant and polluted with organic matter.” This 
emphasizes the fact that infection occurs in predisposed individuals 
mainly through the alimentary canal, when the true cholera vibrio, 
Ko ch’s comma bacillus, is present. 

The first citadel of the alimentary canal, the stomach, is thought 
by some observers to protiKit the body through the bacteriolytic action 
of its gastric juice. Sehiiltz-Schultzenstoiii" found that water contain- 
ing pepsin and traces of acid killed the vibrio if .019 per cent, of hydro- 
chloric acid is present, and that in 75 per cent, of his experimental 
cases 600 c.c. water ingested on an empty stomach became bacterio- 
lytic, I.C., it acquired an acidity of 0.05 per cent. In the remaining 25 
per cent., however, it was only .0142 per cent. — a solution which does 
not kill the vibrio even in one and one-half hours. Now HowelP® states 
that, as shown by Von Mering, water introduced into the stomach begins 
at once to pass out into the intestine; and moreover, that when 500 
c.c. of water were given to a large dog, by the mouth, 495 c.c. had 
passed into the duodenum, and out through a‘ fistula in the latter, within 
twenty-five minutes. It is evident, therefore, that contaminated water 
carries the pathogenic organism directly to the intestine in at least 
25 per cent, of all exposed individuals. Tlic gastric juice does not even 
protect those in perfect health, since, as already stated, various investi- 
gators have found bacilli in normal stools in individuals who never 
developed the disease. The experiments of Pettenkofer and Emmerich 
on themselves demonstrate the same fact. An abundance of cholera 
vibrios having been found in their stools, their gastric secretions evi- 
dently did not kill the ingested cultures. 

Conversely, it is believed that the alkaline juice of the intestine 
is necessary to develop the germ, and that it is a suitable culture fluid. 
But in the light of the evidence I have adduced to the effect that the 
intestinal juice is rich in trypsin, nucleo-protcid and adrenoxidase, this 
cannot be the case. This accounts for the fact that Klemperer^ found 
in experiments on guinea-pigs, rabbits and dogs, that the normal in- 
testine is strongly resistant to the cholera bacillus — an action which he 
attributed to a substance he found in the epithelial cells, i.e., nucleinic 
acid and nuclein. This is obviously the nucleo-proteid, and as no one 
would deny the presence of trypsin in the intestine, nor since the labors 
of Pawlow, Del^zenne, Camus and Oley, and others, that of entero- 
kitiase (trypsin plus adrenoxidase), the three constituents of the diges- 
tive triad which in the blood constitute the auto-antitoxin are evi- 
dently present. It is the intestinal juice, therefore, which is the first 
serious harrier to infection. 

* Rublao: Loe. Ht. 

■ Schultz-Schultzensteln: Centralbl. f. Bakt., Bd. xxx, S. 785, 1901. 

»» Howell: “T. B. of Physiol., p. 698, 1906. 

Klemperer: Deut. med. Woch., Bd. xx, S. 435, 1894. 
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If we now inquire into the cause of this, we are brought back to 
debility of the adrenal system, the result of the many untoward con- 
ditions grouped as ^‘predisposing causes.” The formation of adrenoxi- 
dase being deficient, the pancreas and the leucucytogeiiic organs are in- 
adequately nourished, so that trypsin and nucleo-proteid are formed in 
insufficient quantities. 

Cholera is not, as generally believed, an intestinal disease,* 
the symptoms referable to the alimentary canal being, in keep- 
ing with all the other characteristic symptoms, the result* of a 
general intoxication by the endotoxin of the coma bacillus. It 
is, therefore, by penetrating the intestinal walls and into the 
body fluids that the comma bacillus provokes the disease. As 
it is the function of the digestive leucocytes to ingest food- 
products in the intestinal canal in order to complete the diges- 
tive process and prepare the end-products for assimilation by 
the tissue-cells,* they ingest likewise in the intestine what bac- 
teria happen to be present in the food. Infection occurs when 
this intracellular process is inadequate, Le., when the digestive 
leucocytes ingest living comma bacilli which they are unable to 
digest or even kill.* 

The number of bacilli ingested by leucocytes is not a promi- 
nent feature of their inability to destroy these germs, since 
enormous quantities of the latter may be swallowed by a man 
in normal health without giving rise to the disease. The ruling 
factor of infection is deficiency of the digestive triad : trypsin, 
nucleo-proteid and adrenoxidase, both in the intestinal juice 
and in the digestive leucocytes, and infection occurs when the 
bacilli have, as a result, remained unaffected by the bacterio- 
lytie action of these bodies.* It is not in the blood, as nqw be- 
lieved, that the organisms proliferate;* the digestive leuco- 
cytes carry the living comma bacilli directly to the lymph-spaces, 
as if they had been digested and converted into tissue-cell granu- 
lations.* Being unassiniilable, however, they are swept away as 
wastes by the torpid lymph-stream, and as lymph is practically 
blood-serum, and an excellent medium for their growth, they 
rapidly pullulate therein.* When, with the lymph current, they 
reach the blood and ultimately the arterial system, they arc 
rapidly killed and disintegrated, and their endotoxin being lib- 
erated, general intoxication follows.* 


*Auihor*9 conclusion. 
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It is now believed that cholera is essentially an intestinal disease; 
yet, as observed by Karlinski*^ in his own case, while studying cholera 
in Arabia, the comma bacillus can be present in one’s stools without 
provoking the disease. This was confirmed by Sawtschenko and Sabo- 
lotony,'* Abel and Claussen,'* llumpcl'^ and other observers. Hasterlik’* 
repeated on himself and three others Pettenkofer’s experiment, and as 
was the case with the latter, suffered no inconvenience, though the bac- 
cilll were found in the stools. The doses were gradually increased until 
one of the experimenters ingested an entire culture of a third genera- 
tion. This caused abdominal pain and diarrhoea after thirty-six hours, 
but nothing more. As observed by Guttmann,*^' Kolle'" and others, this 
was true cholera, since large quantities of bacilli were found in the 
dejections, and many such cases are observed during epidemics. 

Again, while Pettenkofer, Emmerich, Ilasterlik and his associates 
observed no eflects after swallowing large quantities of comma bacillus 
cultures, Pfeiffer and Pfuhl'* suffered moderately severe attacks of 
cholera after being accidentally inoculated with cultures. Deaths have 
also occurred from this cause. As ^^inoculation” means the introduction 
into the blood of a relatively very small number of bacilli, while enor- 
mous quantities of them were included in the cultures swallowed, it is 
self-evident that it must be in the body fluids that the proliferation 
occurs. Indeed, the bacilli were found in Pfeiffer’s discharges for thirty- 
three days after the inoculation, and Thomas*® has shown that all the 
symptoms and pathological lesions of cholera could be produced in rab- 
bUs by intravenous injections of pr.re cultures of comma bacilli obtained 
from cholera dejections. 

Now is it in the blood, as generally believed, that the prolifera- 
tion of- the bacteria occurs? Bacteriologists have found that, as stated 
by Vincenzi,*'* “the cholera vibrio develops luxuriantly in the blood- 
serum of healthy animals” in vitro, i.e., in serum deprived of its bac- 
teriolytic activity by removal of its cells. This does not mean that a 
similar result can occur in the blood-stream, but that proliferation can 
take place in the L/wpA-stream. This becomes apparent when the func- 
tions of the digesUve leucocytes, as I have described them, are taken 
into account. Interpreted from this standpoint, every leucocfyte which 
happens to ingest one or more living bacilli in the intestinal canal 
becomes a source of infection, an inoculating agent, on entering the 
bl(K)d if it does not absorb in the intestinal canal a qualitatively effi- 
cient supply of the digestive triad, trypsin, and its activators, nucleo- 
proteid and adreiioxidase, constituting auto-antitoxin, to kill the micro- 
organisms. 

In the light of the evidence adduced in the seventeenth chapter, 
the leucocytes do not deposit their end-products in the blood; they 
leave the blood-stream by migrating through the walls of the capilla- 
ries and deposit them in the tissue-spaces in contact with the tissue- 
cells. Unsuitable products, wastes, etc. — including the cholera vibrios 
in this condition — being of course unabsorbed by the latter, they are 
swept away by the lymph -stream. Now lymph being, as stated by 
Stewart, practically “blood deprived of its cells,” i.e., serum, we have 


'“Karllnskl: Centralbl. f. Bakt., Bd. xv, S. 751, 1894. 

"Sawtschenko and Sabolotony: Centralbl. f. allg. Pathol, u. pathol. Anat.. 
Bd. iv. S. 625, 1893. 

*Abel and Claussen: Centralbl. f. Bakt., Bd. xvll, S. 77, 1895. 

'» Rumpel: Berl. kiln. Woch., Bd. xxxll, S. 73, 1895. 

'"Hasterlik: IjOc. cit. 

iTQuttmann: Med. Press and Circular, Jan. 25, 1893. 

Kolle: Zeit. f. Hyg. u. Infects., Bd. xvlll, S. 42, 1894. 

Pfeiffer and Pfuhl: Cited in Med. Press and Circular, Sept. 6, 1894. 
“Thomas: Arch. f. exp. Pathol, u. Pharm., Bd. xxxll, S. 38, 1883, 
*^VlnceDsi: Deut. med. Woch., Bd. xlx, S. 418, 1893, 
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in the torpid current of the lymph vessels a vast field wherein, at the 
ideal laboratory temperature, 37** C. (08.6** F.), the cholera vibrio can 
also develop ^^luxuriantly.** As to the fact that the germs finally reach 
the blood, Bosc'‘‘ found that the blood-serum of severe cases contained 
**an enormous quantity*’ of a substance which, injected into animals, 
produced all the typical signs of cholera and finally death. This poison 
was evidently derived from dead bacilli, for serum taken from the cases 
which furnished the poison failed to develop cultures. 

While the functional debility of the adrenal system is the 
primary cause of the body’s vulnerability to the disease because 
the specific organisms arc thus allowed to reach the lymphatic 
vessels, proliferate therein and permeate the blood with their 
endotoxin,* the latter gives rise to the symptoms of the disease 
by paralyzing directly the functions of the vasomotor and sym- 
pathetic centers. 

By inhibiting the functions of the vasomotor center, the 
cholera endotoxin causes, indirectly, dilation of all vessels of 
the body, and therefore accumulation of the blood in the great 
central vessels, particularly those of the splanchnic area.* The 
peripheral vessels and capillaries being deprived of a corre- 
sponding volume of circulating blood, the marked symptoms of 
ischaimia of various organs appear: coldness and pallor as to 
the skin; vertigo and faintness as to the brain; weakness and 
exhaustion as to the muscles; weakness and rapidity of the car- 
diac action, or anuria as to the kidneys; and dyspncea as to 
the lungs.* Conversely, the accumulation of blood in the deep 
trunks* gives rise to the sensation of intense internal heat and 
the high rectal temperature, which may reach 104® F. (40® C.) 
or more. 

Inhibition of the functions of the general sympathetic cen- 
ter by the endotoxin, coincides with the appearance of the serous 
diarrheea.* As this center governs the caliber of the arterioles, 
its inhibition causes relaxation of all these terminal vessels and 
flooding of all the organs they supply.* The bulk of the blood 
of the body being accumulated in the greater central vessels, i.e., 
those of the splanchnic area, however, as stated above, the effects 
of the sympathetic paresis become manifest only in the organs 
adjoining the congested region, and the vessels of which are 
themselves engorged through this contiguity.* As the vessels 
of the intestines form part of the engorged splanchnic area, 

* Author*a conelwHm. 
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their mucous membrane becomes markedly hypersemic and the 
arterioles of its secreting elements being widely dilated and re- 
laxed^ the blood-serum, which forms the liquid portion of their 
secretion, and sometimes pure blood literally pour into the in- 
testinal canal, forming the serous diarrhoea.* Mixed with the 
discharge are rice-like masses composed of desquamated epithe- 
lium, comma bacilli and leucocytes. 

Other symptoms arc due to the relaxation of the arterioles, 
viz. : the cold sweats which occur before the blood has lost m.uch 
of its serum; the abdominal muscular cramps, owing to the 
admission of an excess of blood-plasma and adrenoxidase into 
the muscular elements ; the hiccough due to a similar condition 
of the diaphragmatic muscles; and the vomiting, partly caused 
by the accumulation, in the stomach, of serous fluids similar to 
those eliminated by the intestines.* 


In the first volume** 1 showed by means of a chart that the nine 
cardinal symptoms of cholera were identical to those that follow re- 
moval of both adrenals in mammals. This coincidences, however, only 
with the corresponding, i.e., the advanced stage of the disease, when the 
functions of the adrenals are paralyzed. Indeed, the violence of the 
morbid phenomena and the rapidity with which they lead to a fatal 
issue in some cases indicate, however, that other general centers are 
primarily assailed by the poison. This rapid course cannot be due to 
primary paresis of the adrenal center, since the disease would not in 
that case cause death in a few hours, or even a few minutes, as observed 
in some instances. Though Strchl and Weiss** and others have found 
that compression of the adrenal veins — thereby arresting the supply of 
adrenal secretion — caused an immediate fall of the blood-pressure, etc., 
it is nevertheless true that the circulation of the adrenals is not arrested 
even by paralysis of the adrenal cicnter, and that the mere passage of 
blood through the adrenals is sufficient to sustain for some time, though 
inadequately, the vital^ process. We will see farther on, however, that 
arrest of the adrenal circulation finally does occur, and that this entails 
death. 

That the vasomotor center is primarily paralyzed is shown by the 
early pallor, which occurs c^oincidently with the peripheral hypothermia 
and the central hyperthermia — the akin being cold while the rectal tem- 
perature is 104® h. (40® C. ) or over. This points to accumulation of 
the blood in the great central trunks, the splanchnic area, and its nor- 
mal consequence, depletion of the peripheral capillaries. This interpre- 
tation meets the teachings of experimental evidence, for Pfeiffer,” basing 
his opinion on the effects of dead bacilli on guinea-pigs, concluded that 
the poisons liberated acted as paralyzants to the centers governing the 
circulation and the temperature. It accounts also for various para- 
doxical phenomena that prevailing conceptions fail to elucidate. Thus 
Stiller,” during the Hamburg epidemic oi 1892, observed the disappear- 
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ance of a splenic swelling in each of three cases of typhoid fever when 
the patients were also attacked by cholera. Obviously, the splenic swell- 
ing was due to engorgement incident upon tlu? fever, the deeper vessels 
being intensely contracted; as soon as the cholera poison depressed the 
vasomotor center and caused relaxation of these deeper vessels, the 
spleen was depleted; there was a simultaneous full of the peripheral 
temperature to 95® V, <35® C.), and the organ resumed its normal 
volume. So plain also is the depletion of the peripheral vessels, that 
Klebs” was led to conclude that contraction of the arteries was a 
pathogenic sign of cholera. 

Conversely, as observed by Simmonds=* in 300 autopsies at the 
Hamburg Hospital, there was liyper;emia of the intestinal serous mem- 
brane; so great is the engorgement of the intestinal structures at times, 
that blood is mixed with the glandular exudation, as noted by Cariia- 
leia.'*® Indeed, as is well known, the passages are sometimes bloody. 
The large intestine is also, as stated by Uubino,*“ “extremely hypenemic.” 
It is not due to a direct action of the bacilli or their toxins on the 
intestine, since the local lesions are most pronounced late in the dis- 
ease. Nor is the congestion restrietcul to the intestine. Rusi"^ found 
microscopically marked engorgement of the vessels of the female gimital 
organs with extravasation. The cause of this is plain when we take 
into account the result of the vasomotor paresis, i.c., accumulation of 
blood in the deep vessels, and particularly those of the splanchnic area. 

The vasomotor paresis does not acciount, however, for the serous 
diarrhoea. We have seen that a number of familiar drugs, veratrum 
viride, chloral, the bromides, etc., also depress the functional activity 
of the vasomotor center.* In toxic doses they also cause marked periph- 
eral hypothermia, a high central temperature, etc. — symptoms similar 
to those just described. Yet none of these drugs, even in toxic doses, 
cause the serous diarrhoea or flux; the cholera endotoxin must, there- 
fore, provoke this symptom in another uray. It (tannot be ascribed to 
irrit»ition of the intestinal canal by the specific microorganism; for, as 
W'e have seen, the normal stools of individuals in good liealth can con- 
tain virulent cholera vibrios, though no signs of the disease appear. 
Moreover, as shown by Denys and Sliiys,®- the comma bacillus does not 
alter the intestinal mucous membrane. Cholera occurring, as pointed 
out above, only when the immunizing properties of the digi^stive leuco- 
cytes and blood are deficient, and when the endotoxin of the dead germs 
is diffused in the blood, the flux can only be due to paresis of the center 
which governs the flow of plasma into the intestinal secretory elements. 
As the arterioles are the vessels which supply these structures with 
blood, the nerve-center paralyzed is the general sympathetic center. That 
the blood-serum should, under these conditions, flow in such quantities as 
practically to deplete the whole body (as shown by the shrunken con- 
dition of the latter after death) is self-evident. 

Inhibition of the general vasomotor and sympathetic cen- 
ters is not, however, the immediate cause of death. This is due 
to the fact that the loss of serum gradually causes the blood to 
become too viscid to circulate in the capillaries, and particu- 
larly, owing to their extreme minuteness, in those of the adrenals. 

* Author’s conclusion. 
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(See colored plate opposite page 32, Vol. I.)* ** Hence the in- 
satiable thirst, and the shrinking of the body as the loss of 
fluid increases; and, owing to gradual cessation of adrenal 
functions, the algidity, the cyanosis, the darkness of the blood,* 
and the steady decline of all vital functions, which Anally cease 
when the physical conditions of the blood are such that the latter 
can no longer carry on its functions. The main cause of death 
which asserts itself, therefore, is the viscidity of the plasma, 
which prevents Us circulation in the capillaries, including those 
of the pituitary and adrenals* 

Tliat it is simply to the lack of plasma, including of course its 
salts, that tliese symptoms are due, is shown not only by the highly 
beneficial infiiience of intravenous injections of saline solution, but also 
by the excretions and the condition of the blood. While Rubino” states 
that sodium chloride is included in the salts found in the rice-water 
stools, Carrieu" found the urine p<x>r in chlorides during convalescence, 
thus showing a loss during the disease. Gradually as the patients im- 
proved the chlorides were found to increase. Moxon“ found the blood 
in the great vessels and heart “remarkably viscid and tarry.” Renvers*® 
also found the tissues very dry and the blood greatly thickened. That 
such a condition of the blood should paralyze function is self-evident. 
As to the adrenals, as long as the blood can circulate freely through 
them, some sccTction is produced — even though the adrenal center be 
paralyzed — as it does when the gland is grafted into an animal from 
which the adrenals have been removed. Gradually as the blood thickens, 
however, the minuteness of the intrinsic vessels of these organs causes 
the circulation through them to become increasingly difficult, until their 
secretion, the pabulum vitw, is no longer produced, when life ceases. 

Treatment. — The primary cflPcct of the cholera endotoxin 
being to depress the functions of the body^s protective mechan- 
ism, the adrenal system, the most powerful of drugs must be 
employed to prevent this action, viz., mercury.* Calomel has, 
in fact, given excellent results. 

Surgeon-General Francis” states, referring to calomel, recom- 
mended by Ayres, of Hull, that Dr. Alderson in 18fi7 wrote to the 
Lancet, pointing out that statistics showed it to be the best, and that 
his own experience (1865) has sustained this conclusion, his mortality 
being 15 to 20 per cent, lower than that of his colleagues who depended 
upon astringents and alcohol. Calomel was also found very beneficial 
by Lieut. Col. F. W. A. dc Fabeck of the Indian Medical Service. F. 
Peyre Porcher” recalled, at the time of the Hamburg epidemic, the 
treatment recommended by Calhoun also many years before, which, he 
says, though heroic, “obtained far superior results to those reported as 
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far as the proportion of cured cases is concerned.” The method was 
“calomel^ 10 grains (0.0 gm.) ; gum camphor and tannin, each 5 grains 
(0.3 gin.) every halMiour or hour, as the urgency of the symptoms 
demanded, until the diarrhcea was checked and the secretions were re- 
stored to a healthy state.” Pasiilsky^ found, however, that the tannin 
was useless without tlie calomel, and gave 10*grain (0.0 gm. ) doses 
hourly for a few hours. Porcher used the calomel alone and astringent 
injections, plus mustard, to abdomen and extremities, and he states 
that by pursuing this plan in the premonitory stage, ho <lid not lose a 
single patient. Van HasselP® treated 51 cases with but fifteen deaths. 
He advised the immediate use of calomel, not forgetting to give hydro- 
chloric acid at the same time. The calomel is mixed with a little water 
and ^ra powder, placing the mixture on the tongue, thus avoiding 
touching the teeth. The first dose is 1 gram (15 gr.) repeated several 
times. Even in convalescence 0.01 gram (Vu gr-) is given hourly. Ley- 
den^^ ascribed the better results obtained during the last Hamburg 
epidemic in part to the use of calomel. Many other clinicians have 
spoken in the same vein. 

Administered by the month, however, especially when the 
serous diarrhoea has begun, the drug is greatly exposed to being 
washed down the intestinal canal and thus fail to be absorbed. 
The effects would be rendered far more certain and prompt* by 
giving the hiniodide of mercury intravenously, the quantity 
administered being at least '/g grain (0.03 gm.) frequently re- 
peated, until the stools become greenish, i,e,, bile-stained.* Dis- 
solved in thirty drops of warm, sterilized water, this quantity can 
he injected into the veins at the bend of the elbow without caus- 
ing the least pain, while reaching the test-organ within a 
minute.* 

The fact that calomel administered by the mouth proves ineffective 
— for the reason suggested in the general text — has caused its use to 
be abandoned by many practitioners. Thus Surgeon-General Francis^* 
states that “many practitioners condemn it,” on the plea that “the 
drug lies inert in the intestine.” The mode of using mercury recom- 
mended above is used in the treatment of syphilis. ()f various salts of 
mercury used intravenously in this disease in the course of 408 injec- 
tions, the biniodide was found, better than any, to meet the conditions 
of this procedure: perfect solubility; failing to coagulate albumin; 
ready sterilizability; painlessness, and rapidity of action. 

Mercury not only counteracts the paralyzing influence of 
the cholera bacillus endotoxin on the test-organ, but it increases 
its functional activity, thus causing an accumulation of auto- 
antitoxin in the blood.* The cholera bacillus being easily de- 
stroyed by the immunizing constituents of the blood, the infcc- 


• Author's conclusion, 

®‘*Pa8Rlsky: St. Peters. Inaug. Dla., No. 24, p. 55, 1892-93; Provincial Med. 
Jour., Nov. 1, 1893. 

Van’ Haaselt: Sajous's “Annual of the Unlv. Med. Scl.,“ vol. 1, D. 26, 1894. 
Leyden: Deut. med. Woch., Bd. xx, S. 37, 1894. 

^Francis: hoc, cit. 



1732 INTERNAL SECRETIONS IN PATHOGENESIS AND TREATMENT. 


tion is directly antagonized.* The thyroidasc being an impor- 
tant factor in this process as sensitizing agent (opsonin) to 
facilitate the bactericidal function of the phagocytes, thyroid 
gland, 10 grains (0.6 gm.), should be given at once orally, 
followed by 5-grain (0.3 gm.) doses every two hours.* 

The vulnerability of the cholera bacillus was shown by the re- 
searches, among others, of Pfeiffer and Vagedes,” who found that no 
other germ was similarly inhibited, as shown by the hanging drop. A 
serum employed by them (the counterpart of auto-antitoxin, as viewed 
from my stsindpoint) was diluted in fifty times its quantity of bouillon. 
The microscope showed the gradual inhibition of the activity of the 
cholera bacilli until complete inactivity of all the germs present oc- 
curred. This action is even more violent in the living serum, where 
the germ is not only inhibited but destroyed. 

The next morbid factor to overcome is the paresis of the 
vascular centers, due to the direct action of the cholera endo- 
toxin.* This is, to a certain extent, overcome by the mercury 
and the thyroid extract, both of which, by enhancing the func- 
tions of the adrenals, cause a general rise of the blood-pressure.* 
An active agent is required, however, to excite the sympathetic 
center, in order to cause constriction of the intestinal arterioles 
which are allowing the serum of the blood to escape into the 
intestines.* 'Hie best agent for this purpose is morphine, which 
interferes in no way with mercury and thyroid,* and also tends 
to relieve the suffering, which is very great. 

Some thoorelical objections have been raised to the use of opium, 
but its physiological action having remained obscure until T pointed out 
its action on the sympathetic center, they were devoid of foundation. 
Eichhorst^* found that it gave, on tlie whole, the best results in the 
epidemic at Kdnigsberg, and others have likewise praised it. Tn tho 
light of the views 8iibmitte<l alM)ve, however, it should only be regarded 
as a valuable adjuvant, since it does not inlluence the protective process 
itself. 


The curative efficiency of all these agents is greatly com- 
promised, however, by the fact that early in the course of the 
disease, the blood becomes increasingly viscid until the capillary 
circulation is rendered ])ractically impossible. Any amount of 
auto-antitoxin and any number of phagocytes which the mer- 
cury and thyroid extract may evoke become useless. Hence the 
overwhelming importance of saline solution in this disease. The 
great error made usually, however, is to wait until the algid 
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stage is readied, i.e., when the fatal trend has begun. It should 
be given intravenously at a temperature of not less than 110® 
P. (43.3® C.) from the outset* beginning with a few ounces at 
a sitting* and increasing to one or two quarts, if necessary, 
later on. 

The use of saline solution is another feature which was empha* 
sized many years ago. In 18:il-.32 O’Shaiighnessy, writes R. H. Cox,“ 
“proposed to combat the collapse stage” of cliolera “by means of intra- 
venous injections.” He also gave the following analysis of the blood: 
“(1) A material diminution of the w'ater of the blood of the cholera 
patient, the specific gravity of the serum ranging from 1041 to 1054; 
(2) a notable decrease of the quantity of soluble salts, amounting, as 
far as regards the serum, to a mean luss of one-third of those sub- 
stances; (3) that the solid constituents of the crassamentiim, including 
its salts, retained their normal proportions, wanting merely water to 
restore it to the normal stale; and (4) that the dcjoetioiis were alkaline 
and albuminous, and contained the water a.nd soluble salts in which 
the serum of the blood was deficient.” Latta, of Kdinburgh, inspired by 
these conclusions, “was the first to practice intravenous injection in 
the collapse stage of cholera.” Ills object, however, adds Dr. Cox, “was 
not to supply oxygen to the blood, but to rej)lace the salines and water 
lost from it by the purging and vomiting.” In some of the moribund 
cases even, detailed, the results might aptly be termed resuscitations. 
The highest authorities, Cantani, Hayem, lluchard, Dehio, Neumann and 
others, have urged the great value of saline solution. IJager,^*' after 
using it in 907 cases in Hamburg, was led to regard it as the only 
remedy of value during the algid stage. Heyse^^ likewise found intra- 
vimouH injections alone to give good results. Cagen-Torn,^'* after using 
intravenous injections of saline solution in 200 cases witli a mortality 
of only 15 per cent., concludes that “the injections should be given as 
early as possible; during the stage of reaction, they arc of but little 
use.” 

• Other remedies are capable of exeitiiig the adrenal system 
during the acute stage — tliose enumerated under the next head- 
ing — but none can be said to fulfill the object as perfectly as 
mercury and thyroid gland. 

Prophylaxis. — ^Tlie vulnerability to Asiatic cholera depends, 
in the light of my views, upon the ellicieney of the adrenal sys- 
tem.* As this may be raised by a number of drugs which, by 
exciting the test-organ and through it the adreno-thyroid center, 
increase markedly the blood’s asset in auto-antitoxin, it may be 
said that it is within our power to immunize ourselves during an 
epidemic.* Thyroid gland is the most active adrenal stimu- 
lant of all, and adds opsonin to the blood; it is, tlierefore, 
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clearly indicated.* Iodine and the iodides are nearly as effi- 
cient ;* cocaine is a powerful adrenal stimulant,* but the danger 
of the cocaine habit must not be overlooked ; belladonna is like- 
wise an adrenal stimulant,* but its action on vision precludes its 
use in sufficiently large quantities to afford protection. Sirych- 
nine is less effective than either of the above, though valuable 
for continuous use, especially with quinine hydrochlorate * — 
but not in large doses as to the latter, since the leucocytes must 
not be endangered. 

Alcohol, which deoxidizes the blood, and heavy smoking 
(nicotine being a powerful adrenal depressant) should be avoided 
during a cholera epidemic,* but coffee is beneficial, being, like 
strychnine and adrenal extract, a vasomotor stimulant.* 

CHOLERA MORBUS. 

Synonyms — Cholera Nostras; Sporadic Cholera. 

Definition. — Cholera nostras, a sporadic non-inf ectious dis- 
ease resembling greatly Asiatic cholera, though seldom fatal, is 
due to marked depression of the adrenal vasomotor and sym- 
pathetic centers by certain poisons derived from decomposing 
foods, shell-fish, etc., and the toxins or endotoxins of certain 
bacteria, some of which present the characteristics of Koch's 
comma bacillus.** 

Symptoms. — The attack usually comes on suddenly, the 
earliest symptoms being, as a rule, slight faintness, fiecting 
griping abdominal pain, and nausea. These symptoms gradually 
grow more intense, and are finally replaced by severe cramps in 
the abdomen, and sometimes in the extremities, with purging 
and vomiting, and marked tendency to fainting. The body and 
particularly the face become very cold and covered with cold 
sweat, and the surface temperature may be reduced several de- 
grees. There is extreme pallor, and sometimes cyanosis, the 
eyes being sunken and dull. The pulse becomes rapid and weak, 
and in severe cases may be irregular. The patient experiences 
a sensation of extreme illness and prostration; his sufferings 
are indeed very acute. 

At first the vomited material is composed of what aliments 
may have remained in the stomach, but soon it becomes viscid 
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and bile-like, then clear and serous. The stools also at first 
contain normal, though dilute, excrementitious products, but 
they finally become watery and may, in severe cases, present all 
the characteristics of the rice-water discharges of Asiatic chol- 
era. The urine is usually scanty and may even be absent, though 
the patient suffers from intense thirst. This is aggravated by 
the fact that the salivary secretion is likewise reduced. 

In the majority of cases witnessed, these symptoms last 
from twelve to twenty-four hours, then gradually subside, leav- 
ing the patient weak and pale for a few days. It seldom proves 
fatal, except in very young, old, or debilitated subjects. 

The choleraie diarrha>a observed in Europe and Asia includes all 
the above phenomena, but they come on slowly and persist several days 
or even weeks, collapse occurring in some instances in from four to six 
days. An attack of cholera morbus may be unattended by pain, as 
shown by a severe case reported by G. G. Speer.** 

Pathogenesis and Pathology. — Cholera morbus is usually 
caused by poisons, bacterial toxins or endotoxins, including that 
of the comma bacillus, ptomaines or leucomains, which arc in- 
gested with beverages or decomposed foods, especially shell-fish 
and cheese, etc., and which the gastro-intestinal secretions and 
the digestive leucocytes fail to convert into benign assimilable 
end-products. Once in the blood they depress markedly the 
functions of the test-organ, Le., of the adrenal system, and those 
of the vasomotor and sympathetic centers.* As a result there 
is general relaxation of the vessels throughout the body and 
retrocession and accumulation of the blood in the deeper arte- 
ries, especially those of the great splanchnic area. The arte- 
rioles being simultaneously relaxed through the paresis of the 
sympathetic center, the glandular elements of the skin and of 
the alimentary canal are flooded with blood-scrum, the source 
of the fluids which constitute their sc'cretions.** Hence the 
profuse sweating, vomiting, purging and the copious serous dis- 
charge.* 

At first there is considerable irritation of the gastro-intestinal 
mucosa. The intestinal hypersemia witnessed, however, is not due to 
this enteritis, as text-books teach, but to relaxation of the vascular 
elements. Rubino“® states that “the essential pathological conditions 
involved are a morbidly sensitive condition of the mucous membrane of 
the alimentary canal, a general impairment of the tonicity of tissues 
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with deficient oxygenation of the blood, and so decided an impairment 
of the vasomotor nervous infiueiice over the vessels of the mucous mem- 
branes of the stomach and intestines as to allow copious exudation of 
the serous elements of the blood.” The morbid sensitiveness to which 
he refers is, in the light of my views, the result of a temporary inability 
on the part of the siiiferer's adrenal syst(an to adequately protect him. 
Excessively warm weather, fatigue, cold and damp, etc., are all condi- 
tions which debilitate the organism and thus predispose .it to cholera 
morbus if one of the pathogenic elements happens to be ingested. This 
does not mean, of course, that a sullicieiitly large quantity of poison will 
not prove patliogenic to a normal subject. Many such cases are wit- 
nessed. 

In some cases, irrespective of any Asiati'* cholera epidemic, germs 
very similar' to Koch’s comma bacillus are found in the evacuations. 
Ceases of this kind have been re]K)rted by Finkler and Prior, and Gilbert 
and Girode." Talamon“ found, in fact, the typical bacillus, and held 
that “cholera nostras and cholera Asiatiea were one and the same dis- 
ease.” Deaths from cases of this kind have been reported by Style," 
Hobbs" and others. 

Treatment. — Opium almost fulfills the role of a specific in 
this disease, owing to its stimulating action on the sympathetic 
center.* All the peripheral arterioles being soon restored to 
their normal caliber, the serous effusion ceases, and the blood- 
pressure being raised by the restitution of the normal resistance 
to the blood-stream, all the nerve-centers, general and sub- 
sidiary, receive more blood and resume their normal functions.* 
To obtain this effect, not less than grain (0.016 grn.) of 
morphine should be administered hypodermically in an adult. 
The camphorated tincture of opium, paregoric, two to three tea- 
spoonfuls in a half tumblerful of water, is also very efficient. 
These doses should be repeated if necessary. Atropine has been 
found of special value in severe cases in Vmo-grain (0.00054 
gm.) doses. It is, like morphine, a powerful stimulant of the 
sympathetic center,* and may be given simultaneously. Calp- 
mel, owing to the energy with which it stimulates the adrenal 
center, promptly restores the patient to his normal condition 
when given in Vio’grain (0.0065 gm.) doses every hour three 
or four times. 

Atropine was recommended by TIueppe" for cases in which the 
signs of intoxication are severe. Waugh" states that symptoms of 
cholera morbus subside promptly after a hypodermic injection of Vw4 
grain (0.00049 gm.) of atropine, repeated if necessary. He, Also found 
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V» grain (0.0033 gm.) of calomel every fifteen minutes very eflicient. 
Most authors recommend hot aromatics, ^ngcr, capsicum, etc. Others 
mention nitroglycerin among the agents tried — in vain, of course. That 
all drugs capable of still further increasing the vasodilation should be 

avoided is self-evident. 

• 

In severe cases the great loss of fluids causes the blood to 
become viscid, and to lose much of its plasmatic saline constit- 
uents; its osmotic properties lire therefore greatly impaired, and 
life is endangered. Intravenous injections of salina solution 
act promptly under these conditions; three to four pints — each 
pint containing one teaspoonful of common salt — ^may be in- 
jected at a sitting. 

A number of cases have lieen reported in which this measure 
actually saved life. Tn a case reported by John Callan” all the standard 
remedies, including morphine and belladonna, had been tried in vain. 
When the patient had about become pulseless and his temperature had 
fallen to 95.5® F. (35.3® C.), three pints of saline solution at lOG® F. 
(41.1® C.) were injected into the median cephalic vein. Consciousness 
returned before the third pint had been used, and the pulse was soon 
beating normally. 


CirOLFRA INFANTUM. 

Synonyms. — Infantile Cholera; A cute Catarrhal Enteritis, 

Definition. — Cholera infantum, a comparatively rare form 
of infantile diarrhena which symptomatically closely resembles 
Asiatic cholera, is due to paresis of the adrenal, vasomotor, and 
sympathetic centers by various kinds of poisons, especially those 
ingested with or formed in milk. It is usually met with in 
hand-fed infants.* 

Symptoms. — After a period of restlessness and perhaps a 
slight diarrhfea with some abdominal pain, the child begins to 
vomit and purge with steadily increasing frcciuency. The tem- 
perature rises, hut in the rectum only, where it may ultimately 
reach 105® F. (40.5® C.), the skin being cold and clammy — a 
condition recalling the algid stage of Asiatic cholera. The pulse 
is weak and rapid ; the respiration is irregular or of the Cheyne- 
Stokes type. The infant fairly fades away, its weight and 
strength decreasing rapidly and its fontanelles becoming deeply 
depressed. It is at first very pale, then grayish, the eyes being 
sunken and encircled with black rings. Restlessness is marked, 
a fact due to abdominal and muscular cramps, the abdomen 


•Author's definition. 

John Callan: New Orleans Med. and Surg. Jour., Jan., 1896. 
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being retracted and the limbs in some cases being drawn up 
suddenly, then violently extended. Convulsions may occur, the 
head being retracted. Thirst is extreme — a symptom aggravated 
in some cases by the fact that all foods and liquids are vomited. 
The urine is scanty and sometimes suppressed. In some cases 
there is marked apathy, and the patient lies in a semi-comatose 
condition; the pupils are unequal and sluggish. The material 
vomited is at first composed of bile-stained mucus, but it soon 
becomes serous; the first stools are usually faecal, then perhaps 
greenish, but finally they also become serous and exceedingly 
copious and exhausting. 

Collapse may occur in from a few hours to a couple of days. 
The decline is marked by gradual cessation of the acute symp- 
toms and lowering of the temperature. As the end is approach- 
ing, however, the latter may become very high — 107® to 108® F. 
(41.6® to 42.8® C.) — and convulsions may supervene, the child 
then lapsing into lethal coma. 

Although the mortality of cholera infantum is very large, 
the prognosis is not altogether hopeless. ^Phe tide may turn 
during the first twenty-four hours, all the symptoms gradually 
disappearing. Bclapses are not uncommon, however, and con- 
valescence is slow. 

Pathogenesis and Pathology. — Cholera infantum is due to 
intoxication by various kinds of poisons, bacterial toxins and 
endotoxins, ptomains, leucomains, tyrotoxin, etc., ingested with, 
or derived from, food-stuffs. It is usually met with in hand-fed 
infants, and when observed in nurslings, is the result of a toxic 
condition of the milk due to indisposition of the nurse. The 
majority of cases occur during hot weather, when foods, includ- 
ing milk, are most apt to undergo putrefactive changes leading 
to the formation of poisons, or to become contaminated by dust, 
bacteria, fiies, etc. The gastro-intcstinal juices of infants being 
deficient in auto-antitoxin* — since the mother^s milk is nor- 
mally aseptic and provides her nursling with the auto-antitoxin 
its intestines and body require* — the intestinal poisons are 
absorbed. 

Once in the blood, the poisons provoke, as in cholera mor- 
bus of adults, paresis of the test-organ and of the vasomotor 
and sympathetic centers.* 


• Author* a conclusion. 



CHOLERA INFANTUM. 


1739 


General vasodilation being thus produced, the blood re- 
cedes from the; surface to the great central vessels, the cutaneous 
capillaries being practically depleted.* Hence the high rectal 
temperature and the simultaneous coolness of the surface, which 
later assumes the algidity of the corresponding period of Asiatic 
cholera.* This symptom is aggravated by the lowered oxygena- 
tion which the paresis of the adrenal center entails.* 

The gastro-intestinal flux, the most striking symptom of the 
disease, is due to the paresis of the sympathetic center, i.e*, to 
the resulting dilation of the arterioles they govern.* The 
gastro-intestinal capillaries being engorged, the blood-serum 
escapes in large quantities through the mucosa and is voided as 
soon as a sufficient amount has accumulated in the stomach or 
intestine. Hence the serous character of the stools. 

The terminal convulsions are due to the accumulation of 
waste-products in the blood, owing to the lowered oxygenation,* 
It denotes resumption of the adrenal functions, to such a degree 
sometimes, that the excessive temperature referred to, 105® to 
108° F. (40.5° to 42.2° C.), is brought about.* This would 
prove a life-saving reaction were it not for another pathological 
condition, viz., the viscid condition of the blood caused by the 
loss of serum and of the salts it contains. Its osmotic proper- 
ties being greatly impaired, it can no longer penetrate the capil- 
lary walls to bathe the cellular elements and sustain life.* 

Many podiatrists and bacteriologists luivc closely studied tho bac- 
teriology of cholera infantum, but the consensus of opinion at the pres- 
ent time is that it cannot be attributed to a specific bacterium. That 
various microiirganisms may, either through their toxins or the decom- 
position they promote in the ingesta an<l other factors enumerated in 
the text, cause the disease, is generally recognized. As stated by 
Blackader,” “there are very few changes found after death either in the 
intestinal canal or in any of the organs” — a fact which, in view of the 
violence of the symptoms, relegates us to the nervous system. Indeed, 
the same author a.*iys in this connection: “The earlier symptoms may; 
therefore, reasonably be ascribed to the infiuence of some toxin upon 
the heart, nerve-centers and vasomotor nerves of tlie intestines, while 
many of the later symptoms must be referred to the great abstraction 
of serous fluid from the body.” While this explains nothing, it points 
to the nervous system as an initial factor in the morbid process. Again, 
Tyson"® writes: “The temperature should be taken in the rectum, ns 
that of the axilla may be misleading. Indeed, the skin sometimes feels 
cool when the internal temperature is high.” In the light of my views 
the axillary temperature does not mislead: it points to the actual con- 

* Author* a concluaion. 

^ Blackader: Sajous'a “Analyt. Cyclo. of Pract. Med.," vol. 11, p. 236, 18ML 
Tyson: hoc, cit., third edition, p. 390, 1903. 
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dition — a low peripheral temperature, while that of the rectum is high. 
As 1 have explained, this is due to paresis of the vasomotor center. 

Treatment. — The measures indicated in this disease depend 
upon the progress it has made when the infant is first seen. 
Powerful adrenal stimulants are required when the case is seen 
early; if seen late, the first indication is to restore the blood 
to its normal fluidity, and then to use adrenal stimulants.* 

If the child is seen before the rice-water stools and algidity 
have begun, and the stools are still faecal or greenish and acid, 
calomel is required, Vi grain (0.016 gm.) being administered 
every twenty minutes until the stools assume a better aspect — 
which they usually do after five or six doses have been taken. 
This agent not only rids the intestines of toxic substances, but 
it stimulates powerfully the adrenal center. By thus causing an 
accumulation of auto-antitoxin in the blood, it promotes catabo- 
lism of the poison, especially in the liver. Moreover, a cardinal 
feature of the curative process is the fact that the increase of 
auto-antitoxin raises the tone of the vessels and the general 
blood-pressure by penetrating the muscular layer of the vessels. 
Calomel is endowed, therefore, with all the attributes of a cura- 
tive agent, provided it is used with adequate energy.*’ 

Referring to the great mortality of cholera infantum as given by 
most competent authorities, Rotch, Holt and Jacobi, viz., two-thirds of 
all cases treated, W. If. Wallace** states that, inspired by my views as 
given in the first volume"' in respect to this disease, he had resorted to 
active stimulation which included calomel, V4 grain (0.016 gm.), every 
half-hour until signs of bile appeared in the stools, and had been able to 
save his two last cases. Stengel*' gives grain (0.008 gm.) every four 
hours, but I do not consider this dose adequate. Taylor and Wells'® 
recommend Vw to grain (0.0016 to 0.002 gm.) every fifteen minutes 
until two or three grains (0.1^ or 0.2 gm.) have been administered. 

Contrary to what is taught in text-books, the so-called 
^^hyperpyrexia” should not be combated.* The high tempera- 
ture being central only and due to the accumulation of blood in 
the deeper vessels, especially the splanchnic area, every effort 
should be made to restore the equilibrium of the circulation by 
measures which promote cutaneous hyperaemia:* by rubbing 
with warm flannel; warm baths — ^beginning with 98.6® P. (37® 
C.), the normal temperature, and raising it gradually to 105® F. 

* Auihnr*a conclusion. 

Wallace: Va. Med. Semi-monthly, July 22, 1904. 

Cf. vol. I. pp. 47 and 773. 

“Stengel: No. Carolina Med. Jour., Apr. 20, 1809. 

“Taylor and Welle: “Dls. of Children," p. 205, 1899. 
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(41.2» C.) ; hot-water bottles, etc., the very measures indicated 
in the corresponding stage of Asiatic cholera. 

Although various authors compare the frigidity of the surface in 
cholera infantum to the algid stage of cholera, they recommend cold 
baths in the former and hot l)ottles in the* latter. Cold baths might 
prove of service by promoting the formation of waste- products and, 
through these, stimulation of the adrenal center; but the paucity of 
blood in the skin to which the frigidity io due defeats this action 'and 
annuls the value of the remedy. RocHler*” recominends a warm mustard 
bath, followed by rubbing and placing of the child in a warm bed, “every 
effort being made to sustain the body w'armth.” 

As soon as the intestines are sjitisfactorily cleared by the 
calomel, flushing of the colon is indicated, using lukewarm wor- 
mal saline solution, one pint (500 grn.). Simultaneously a small 
quantity of the solution, drachms (10 gm.), should be in- 
jected hyi)odermically — repeatedly in severe cases. The sensi- 
tiveness of the skin being reduced, owing to the defiedeney of 
blood, the child hardly feels the prick of the needle. When de- 
hydration by copious and repeated serous stools is present, large 
quantities, 6 to 8 ounces (180 to 250 gm.), should be injected 
subcutaneously. 

As stated by Stengel,® flushing of the colon and tepid baths will 
cause the ^mptoms to abate. Epstein® observed prompt improvement 
and rapid recovery in apparently hopeless cases by moans of small 
doses of saline solution injected subcutaneously, fjoin® injected 14 
drachms (56 gm.) night and morning in infants from three weeks to 
six months old, and found it effective after every other measure had 
failed. Many other reports of this kind are available^ Blackader® states 
that 8 ounces (236 gm.) or more, injected at once into the subcutaneous 
tissues of the thigh, abdomen or buttock, repeated twice daily if neces- 
sary, usually causes marked improvement of all symptoms. 

When the case is seen after the serous stools have started, 
agents which stimulate the sympatlmtic center are necessary in 
addition to the foregoing measures, to reduce the caliber of the 
arterioles which this system governs.* Morphine is an active 
agent of this kind (especially after the osmotic properties of 
the blood have been restored by the use of saline solution in 
small or large doses) when given hypodermically in ^/loo-grain 
(0.00065 gm.) doses for a one-year-old child. Or, one or more 
drops of the tincture of opium may be given in an enema, ac- 

* Author* 8 conclusion, 

®Roeder: Die Theraple der Qegenwart, June, 1904. 

® Stengel: Loc, cH. 

® Epstein: Cited by H. F. Thompson: Med. News, Apr. 25, 1903. 

Loin: Semalne mOd. ; Brit. Med. Jour., Nov. 20. 1897. 

**Dlackader: Sajous’s “Analyt. Cyclo. of Pract. Med.," vol. 11, p. 238. : 
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cording to age. Atropine is another valuable agent of this kind, 
and is, on the whole, safer for infants, Y^oo grain to V 260 grain 
(0.00013 gni. to 0.00026 gm.), according to age, being well 
borne subcutaneously. By augmenting the propelling power of 
the arterioles, it drives blood into the peripheral capillaries, thus 
counteracting the hypothermia.* 

As emphasized by Potter,®* opium should never be ^ven when the 
discharges arc green, slimy or offensive. Jacobi^* recommends the warm 
enemata containing some alcohol and one or more drops of laudanum. 
The use of atropine has been ret^ommended by many reliable observers. 
Sterrett’^ states that under the influence of Yaw grain (0.00026 gm.) 
in water, one such grannie being given for each year of the child’s age, 
every fifteen or thirty minutes, “the vomiting usually ceases, the skin 
becomes warm and the circulation equalized.” Carefully dosed granules, 
such as those of the Abbott Company, should be used, to avoid untoward 
effects. 

INFANTILE DIARUIICEA. 

Synonyms. — Summer Diarrhm; Acute Oastro-enteritis ; 
Dyspeptic Diarrhwa. 

Definition. — Infantile diarrhooa — a disease caused in most 
instances by the substitution of artificial foods for breast milk, 
which^ owing to the auto-antitoxin it contains, protects the nurs- 
ling against infection — ^is due to excessive irritation of the in- 
testinal mucosa by toxic substances, especially the toxins of bac- 
teria ingested with (X)w’s milk.** 

Symptoms. — These vary according to the location of the 
inflammatory process. If the small intestine is involved alone, 
the symptoms of acute dyspeptic enteritis prevail. The first of 
these, in the majority of cases, are restlessness, peevishness, and 
a slight fever, attended perhaps with sliglit colic, looseness of 
the bowels and nausea. These phenomena gradually become 
more severe until vomiting and purging occur. The stools, 
which at first may have contained undigested food detritus, arc 
now and then offensive, green or greenish-yellow or brown. The 
temperature rises, reaching sometimes 104® F. (40® C.), the 
pulse being rapid and feeble. As the stools become more fre- 
quent, emaciation progresses rapidly, the child’s aspect changing 
greatly within a few days. In some cases the onset is more 

• Author' 9 conolu/tim. 

•• Author's definition, 

** Potter: Annals of Gynec. and Fed., Apr., 1898. 

TO Jacobi: Pediatrics, July 1, 1896. 
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sudden^ all the symptoms enumerated coming on in rapid suc- 
cession from the first, including the liigh lever, but excepting 
the purging. As the latter appears the temperature may recede 
one or more degrees. In this class of cases nervous phenomena 
are apt to prevail, i.e., marked restlessness, delirium and even 
convulsions. Prostration increases as the disease progresses 
until slight cyanosis, coldness of the extremities and rapid dimi- 
nution of the child’s suffering indicate impending death. 

When the inflammatory process is located chiefly in the 
ileum and colon, constituting acute entero-colitis, the earliest 
symptoms are, as a rule, similar to those of the preceding condi- 
tion, but they come on abruptly and arc supplemented by others 
which point directly to the large intestine as their source. Thus, 
while early vomiting is marked when the small intestine is alone 
involved, it is much less severe when the lesions arc mainly 
located in the colon; the abdomen is apt to be tense, swollen 
and tender along the course of the colon. Various symptoms 
that recall dysentery also appear, i,e,, considerable mucus and 
more or less blood in the stools, straining, pain and sometimes 
intestinal prolapse during defecation. The stools are not copious 
as in dyspeptic enteritis, but small, and, as a rule, quite green, 
though sometimes brown. In rare cases shreds of pseudo-mem- 
brane are also passed. The prostration and nervous phenomena 
observed in dyspeptic enteritis may also occur, but ulceration of 
Peyer’s patches and other intestinal glands causes these cases 
often to assume a typhoid type. Wasting progresses rapidly 
and the infant is almost reduced to a skeleton when, as usually 
happens, the case lasts five or six weeks. 

The chances of recovery depend greatly upon the environ- 
ment of the infant and its condition. Among the well-to-do the 
prognosis is far more favorable than among the poor, owing to 
the unsanitary surroundings of the latter, and also to the fact 
that their children are often puny and ill-fed. 

Pathogenesis and Pathology. — The one great cause of in- 
fantile diarrhoea, of the millions of lives it has cost, and of the 
thousands of infants it is killing each year, is the substitution of 
artificial foods of an/y hind, including cow’s milk supposedly ad- 
justed to the physiological needs of the human organism, for 
Nature*8 own food, the mother^s milk, or failing it, breasUmilk. 
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Telling in this connection are the following lines by no less an 
authority than Jacobi:*'^ ‘^Amongst those who believe in the omnipo- 
tence of chemical formula, there prevails the opinion that a baby de- 
prived of mother’s milk may just as readily be brought up on cow’s 
milk; that is easily disproved. In Berlin they found amongst the cows’- 
milk-fcd babies under a year, the mortality was six times as great as 
amongst breast-fed infants. Our own great cities gave us similar, or 
slightly smaller, proportions, until the excessive mortality of the very 
young was somewhat reduced by the care bestowed on the milk intro- 
duced into both our palaces and tenements. Milk was examined for 
bacteria, cleanliness and chemical reaction. It was sterilized, pasteur- 
ized, modified, cooled, but no cow’s milk was ever under the laws of 
Nature changed into human milk, and with better milk than the city 
of New York ever had, its infant mortality was greater this summer 
[1904] than it has been in many years. That hundreds of thousands 
of the newly-born and small infants perish every year on account of the 
absence of their natural food, is a fact which is known and which should 
not exist.” 

The statistics of the question point overwhelmingly in the same 
direction. Emmett Holt found that of 1043 fatal cases of digestive dis- 
orders, only 3 per cent, had been breast-fed. In a series of 718 fatal 
cases of infantile diarrhoea in LiverjK)ol, studied by Jones,” the propor- 
tion of breast-fed infants was nearly as low, i.c., 4.2 per cent. He states 
that in Munich the gtmeral mortality among breast-fed infants is 15 
per cent., while in artificially- fed infants it is 86 per cent. J. Lewis 
Smith says that at Lyons, where foundlings (a class of infants, the 
parents of which are often alcoholics, syphilitics, etc.) are wet-nursed, 
the mortality is 337 per thousand, whereas at Aix, also a provincial 
city, where they arc fed artificially, it is 80 per cent. In New York it 
reached nearly 100 per cent, until wet-nurses were provided. Winters” 
states that “during the siege of Paris (1870-71), while the general mor- 
tality was doubled, that of infants was IowthkI 40 per cent, owing to 
mothers being driven to suckle their infants!” “In my own experience,” 
writes Holt, “fatal cases of diarrlueal diseases in nursing infants are 
extremely rare.” 

The enormous mortality in artificially-fed infants is due to 
the fact that none of the artificial foods, including cow^s milk, 
even when obtained under the most favorable conditions and 
accurately adjusted as to proteids, carbohydrates, inorganic salts, 
etc., to the composition of human milk, supply the infant with 
bactericidal and antitoxic constituents that breast-milk contains, 
i.e., the lacteal auto-antitoxin.* This immunizing substance 
serves not only to prevent infection of the infant’s alimentary 
canal, but it penetrates into its blood to afford protection against 
infections of all kinds.* 

Ehrlich” showed that milk was rich in antitoxin, though less so 
than blood, as he subsequently found with Wassermann.” As stated by 

* Author*a conclusion. 
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Metchnikoff, "the chemical coiiiiK>Hition of antitoxin is unknown.” That 
the milk’s antitoxin is similar to that in the blood, i.r. of auto-anti- 
toxin, is demonstrated by tlie presence of the tliree (constituents of the 
latter. The prosehce of adrenoxidcLse is shown by tlie fact that Babcock 
and Russell,’’’ Dupouy,’** Raudnitz,’* Arnold,**® Neumann Wender"'* and 
others have all found an oxidase in milk which colored guaiac blue. 
The last-named investigator also found that milk contained a proteo- 
lytic enzyme which he refers to as trypsin or galactase. Spolverini*** 
found both trypsin and pepsin, and his observation was coniirined by 
Nob6court and Merkhm*® and others. We have seen that the nucleo- 
proteid was also present as a constituent of fibrinogen. There can be 
no doubt as to the immunizing agencies being the same as in the blood. 
Van de Velde and Landsthecr*" found that all the milk ferments were 
also present in the blood. 

The bacteriolytic property of the blood, according to the Buchner 
school, is due to alexins which, as I have shown in the first volume, are 
similar in composition to antitoxin. K. Moro**® found that the serum 
of breast-fed infants not only contained more alexins than artificially- 
fed ones, but that the proportion corresponded with that of the alexins 
in the blood of the maternal placenta. '^I'his indieatc's that it is the 
function of the mother’s milk to supply the infant’s blood with anti- 
toxin, precisely as her blood did her hetus in utero. This was empha- 
sized by the investigations of Halban and Lands teiner,**® which showed 
that the maternal blood was, as compared to that of the foetus, more 
potent as a bacteriolytic and antitoxic agent and as an immunizing 
serum j and moreover, that it inhibited more actively fermentative proc- 
esses. Metchnikoff*’ states that the passage of the antitoxin ingested 
with milk into the suckling’s blood, has been confirmed by a large num- 
ber of observations. Welch, in his Harvey Lecture, also says: “It is, an 
important function of the mother to transfer to the siurkling through 
her milk immunizing bodies, and the infant’s stomach has the capacity, 
which is afterward lost, of absorbing these substances in an active state. 
The relative richness of the suckling’s blood in protective anti-bodies, 
as contrasted with the artificially-fed infant, explains the greater free- 
dom of the former from infectious diseases.” 

Although cow^s milk is likewise rich in auto-antitoxin, the 
latter begins to lose its activity soon after milking, because its 
nucleo-proteid combines with the adrenoxidase, thus depriving 
the immunizing compound of its two activating agents.* The 
fluid portion of the milk thus becomes reduced to the condition 
of blood-serum, an excellent culture medium for bacteria. 
Hence the fact that in a few hours, especially during warm 
weather, milk is often found to contain enormous (piantities of 

* Author's conclusion. 
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bacteria, benign and pathogenic.* *• Pasteurization destroys the 
majority of virulent bacteria, it is true, but it also destroys the 
bacteriolytic trypsin; boiling is still more efficacious as a bac- 
tericidal agent, but it destroys both the trypsin and the adrenoxi- 
dase, thus annulling the immunizing properties of the milk.* 
Milk sterilized by cither method, though seemingly capable of 
nourishing the infant, fails, therefore, to supply its blood with 
the antitoxin required to protect it adequately, and it is vul- 
nerable to infection both in the respiratory tract and in the 
alimentary canal.* 

Trypsin was found in cow’s milk by Spolverini,"* Nob<^coiirt and 
Merklen®® and others. CJillet®® found cow’s milk rich in oxidase (ad- 
renoxidase), thus conArniing the obstu’vations of other investigators. 
Indeed, the literature of the subject shows that young mammals are 
but prototypes of the infaint in the protection afforded l)y the maternal 
milk. While Kreudenreich"*' and others found, for instances that cow’s 
milk when fresh destroyed cholera, typhoid and other pathogenic bac- 
teria, MetchnikofT, referring to the investigations of Ehrlich and Wasser- 
mann,” states that “earlier researches had shown that it was only when 
mice were very young that tliey could assimilate antitoxins from the ali- 
mentary canal, while adult mice acquired no immunity, the blood show- 
ing no increase of antitoxic activity.” This clearly points to the need 
of antitoxin in the blood of young mice to increase its antitoxic activity. 

Indeed, in the light of my views, it is probable that the ferments 
in maternal milk do more than protect the offspring against infection, 
i.e,, that they actually take part in its cellular metabolism, its very 
vital process. Thus, while Ehrlich in 1900 laid stress on the fact that 
human milk contained ferments which made it siqierior to all methods 
of artificial feeding, Moro“ showed by careful experiments on infants 
that while they gained in weight constantly upon normal breast milk, 
when the latter was sterilized by heat, thus destroying the ferments, the 
increase in weight was almost imperceptible. The failure of Lunin’s 
chemically perfect artificial milk — ^iii which, however, tin* ferments were 
not taken into account — thus becomes self-evident. Referring to the 
fact that in Lunin’s method of preparing this milk the unorganized fer- 
ments were destroyed, L’esp^rance”* remarks, tjiiite in keeping with the 
estimates of Jacobi: “This fact explains why sterilized milk and other 
sterilized foods have not fulfilled the general expectations of the scien- 
tific world.” 

Given now an infant fed on perfectly “sterilized, pasteurized, modi- 
fied, cooled cow’s milk,” what have we at best? An organism vulner- 
able to infection not only by way of the alimentary canal, but also by 
way of the lungs. Hence the appalling mortality among infants not 
only from intestinal disorders, but also from pneumonia, bronchitis and 
other pulmonary diseases. Suggestive in this connection is the fact that, 
in a series of 237 cases reported by various observers and summarized 

• Author's conclusion. 
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by and in whieli the bacillus dysenterite of Shiga was found, 26 

were breast-fed — a condition which, as he says, practically excludes the 
possibility of infection through milk. The only other channel is the 
respiratory tract, the intestinal irritation being caused by the elimina- 
tion of tlie bacillus throiigH the intestinal mucosa. 

Under these conditions the daily and continuous use of con- 
taminated milk is not required to infect the infant, a single 
day's milk or even a single feeding of milk containing a few 
pathogenic bacteria suffices to do so, since its secretions, its 
blood and its lymph arc unable to prevent their proliferation.* 
A single relaxation of vigilance on the part of the infantas 
attendant involving secondary contamination of the milk after 
sterilization, an error in reading the thermometer during Pas- 
teurization, careless cleansing of the vessels or bottles, etc., may 
thus entail the pathogenic importance of an inoculation through 
the skin — where a minute quantity of infectious material may 
provoke general infection.* This is rendered ])ossiblc by the 
fact that even milk drawn under the strictest antiseptic precau- 
tions contains over 300 bacteria per cubic centimeter; that ordi- 
nary fresh milk contains from 2000 to 40,000 bacteria in the 
same volume; and finally that the proportion of bacteria in 
the milk delivered in cities, especially during warm weather, 
ranges from 40,000 to 2,000,000 bacteria per cubic centimeter. 

Tim proportions mentioned were obtained mainly from those pub- 
lished by Conn, in the bulletins of the Michigan State Agricultural Col- 
lege Experiment Station. The hirgt;r figures given may seem large, but 
they are probably below the average. Hamill,”" for instance, states that 
“the number of bacteria sometimes found in ordinary marki't milks 
is almost incredible. As many as 100,000,000 per cubic centimeter have 
been found in the milk of Washington, D. (\, and as many as 600.000,000 
per cubic centimeter have been found in some milks in the city of New 
York. Of course,” adds* the author, “these figur<\s are unusual, but a 
count of from 1,000,000 to 2,000,000 per cubic centimeter is not at all 
uncommon.” 

Among the pathogenic microorganisms that have been found 
in milk are streptococci, staphylococci, the bacilli coli and lactis 
aerogenes, and those which produce typhoid fever, diphtheria, 
glanders and tuberculosis. No special organism can be said to 
be the specific cause of infantile diarrhma, but those most fre- 
quently found in the stools are the streptococcus, which occurs 
in the stomach, small and large intestine ; the proteus vulgaris. 


• Author*^ conclusion. 
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found in severe cases, with putrid stools; tlie staphylococcus 
pyogenes; .the bacillus pyocyaneus; the bacillus inescntcricus ; 
the bacillus enteridis, and finally a microorganism which has 
attracted considerable attention of late, the bacillus dysenteriae 
of Shiga. 

The presence of Shiga's dysentery hacilhis in the stools of cases 
of summer dirtrrhma, was {Kiintcd out by Celli and Valenti,” and con- 
firmed by Duval and Bassett." Flexncr," summarizing the results of 
observations in 412 cases studied bacteriological ly by various investiga- 
tors in four large cities, states that of this number 03.2 per cent, of all 
cases examined gave positive results. ITolt* ** ^" studied the clinical reports 
of 237 (iases, and found the dysentery associated with every sort of in- 
testinal disturbance accompanied by diarrlaca, with the notAble excep- 
tion of cholera infantum. 

The lesions in the alimentary canal vary with the duration 
of the case. There may be slight gastritis with pimctiform 
hsemorrhage. The ujiper portion of the intestine is rarely af- 
fected, the ileurn, the ileo-caecal valve and the colon bear the 
brunt of the morbid process. T'his may vary from hyperaemia 
to marked congestion, followed by ulceration of the enlarged 
follicles and Veyers pat(?hes — the source of the typhoid symp- 
toms witnessed. Bacilli are found both in the mucosa and sub- 
mucosa and occasionally deeper. 11ie two layers are sometimes 
involved in the necrotic process and become detached and voided 
in the stools as pseudo-membrane — a rare occurrence, as pre- 
viously stated. 

Treatment. — ^^Vhen infantile diarrheea has developed, owing 
to any one of the morbid factors enumerated, the cardinal in- 
dication is to destroy the pathogenic elements both in the ali- 
mentary canal and in the blood. Cantor* oil has received the 
sanction of considerable experience, but it should be considered 
only as an eliminant. It starts the intestinal antitoxic process 
by increasing reflexly the secretory activity of the intestinal 
mucosa and a great step is made toward protecting the infant.* 
But this is inadequate to protect it properly.* Its adrenal 
system should be stimulated to unusual activity in order to in- 
crease the proportion of auto-antitoxin in its blood and intes- 
tinal juice.* Calomel is decidedly the best agent in this con- 

• Author's conclusion. 
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nection and should be begun as soon as the castor oil has pro- 
duced its effect, Voq grain (0.003 gm.) every half hour until 
1 grain (0.065 gin.) has been given. If the stools have not 
resumed their normal color, it should be continued, avoiding, 
however* salivation, which indicates, as I have shown, that the 
proteolytic — and therefore bacteriolytic and antitoxic — proper- 
ties of the blood have become excessive.* The biniodide of 
mercury is quite as effective.* 

It ia customary to combine the calomel with supposed antiseptics, 
such as resorcin, benzol-naphtbol, etc., but they do more harm than good. 
It is a fallacy to believe that tiiey act in the intestinal canal as they 
do in the laboratory. The alimentary canal being laden with adrenoxi- 
dase, these various drugs arc broken up and their action is entirely 
modified. 

I do not deem it necessary to submit evidence to the effect that 
castor oil and calomel are valuable in infantile diarrluea. Reflecting 
only the prevailing knowledge as to their action, Blackader'"' writes: 
“For the evacuation of the intestinal tract two drugs especially com- 
mend themselves on account of their promptness aiiid the very slight 
amount of irritation which they induce. These aire castor oil and calo- 
mel.” As to the biniodide of mercury, Luff"*^ reported 80 cases, 72 of 
which were cured in two days ns to the diarrluea per hh. He gave it in 
Vso'grain (0.0082 gm.) doses in a solution of potassium iodide. Illing- 
worth has also reported excellent results. 

To remove the exogenous patliogenic factor goes without 
saying. If the infant is hand-fed, the best curative food is tlie 
milk of a wet-nurse, which supplies its alimentary canal and its 
blood with the antitoxin it requires.* Diphikeria antitoxin sug- 
gests itself as an effective agent in this connection.* 

The value of the honiologue of maternal milk, that of a wet-nurse, 
under these conditions, is self-evident. The change for the better is 
almost magical. In one of my cases twenty-four hours of wet-nurse con- 
verted a very ill infant to one in normal health — aside from the tem- 
porary emaciation and weakness. I saved my only son by this measure 
after all others, carried out by a friend and colleague, had failed. I 
cannot find evidcnct* to the effect that diphtheria antitoxin has been 
tried in such cases; that it must be valuable — ^in the light of my views 
at least — ^is apparent. 

The loss of considerable scrum in choleraic cases depletes 
the child’s blood both of fluids and alkaline salts, and the osmotic 
and antitoxic properties of the body fluids and the migration 
of phagocytes to bacteria-ladcn areas are thus greatly compro- 
mised.* This should be counteracted by large enema of saline 
solution at not loss than 102° P. (38.9° C.), daily, during the 


* AuilMr*B conclusion. 
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period of serous discharge and once after its cessation. If the 
enema is at once voided with the stools, the solution should be 
given subcutaneously, 8 or 10 ounces (236 to 295 gm.) being 
injected very slowly. 

Many clinicians wait until the stage of collapse before using the 
saline solution; this is supported by no sound rieason whatever. It 
would be as wise to allow a man to starve until death is near before 
giving him food. 

If after the stools arc no longer foul, the serous flux per- 
sists notwithstanding all the foregoing measures, small doses of 
morphine are necessary to provoke contraction of the intestinal 
arterioles, the excessive dilation of which underlies the flow. 

To obtain this result astringents are usually employed, but these 
agents arrest function by causing constriction of the capillary walls. 
The preparations of opium, on the other hand, influence precisely the 
torpid center and the arterioles it governs, namely, the sympathetic 
center. 

Ihiriiig the first few hours of treatment, the diet should 
be limited to barley water; as soon as improvement occurs, how- 
ever, an increase of food is required.* T'his may be met by 
boiling a very fresh egg until its yolk is so hard that it can 
readily be reduced to a flour-like powder.* This powder added 
to the barley water or to oipial parts of barley water and boiled 
milk, or to any other li<iuid food that may be adaptable, in- 
creases greatly its value as a nutrient, and supplies the infant 
with all the constituents its organism requires for a prompt 
convalescence.* A change of air, especially if the infant can be 
taken to the seashore, hastens convalescence very greatly. 

The convalescence is often protracted, owing to the fact that the 
food administered does not contain enough phosphorus to build up the 
myelin lost during the illness, and the entire nervous system is adyn- 
amic and stays so. As stated by Shoemaker,^"® yelk of egg (vitellus) 
“is highly "nourishing, and, as it contains phosphorus, it is especially 
restorative to the nervous system.” 


ACUTK ENTERITIS. 

Synonyms. — Acute Diarrhoea; Simple Acute Catarrhal 
Enteritis; Acute Ileo^coliUs; Acute Intestinal Catarrh. 

Definition. — Acute enteritis, a disorder characterized by 
diarrhoja, is due to a reflex reaction of the intestinal mucosa 

• Author*9 conclusion. 
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which has for its purpose to antagonize liie liarmful effects upon 
it of noxious substances contained in the ingesta, or in the sub- 
stfinccs which the mucosa itself eliminates.** 

Symptoms. — The most prominent symptom of this condi- 
tion is diarrhma. The stools, which arc at lirst fsecal, become 
yellowish or colorless, and finally watery and frothy, and occur 
with increasing frequency. Though offensive at first, they 
sometimes lose all odor. When examined microscopically, they 
are found to contain leucocytes, erythrocytes, broken-down 
columnar epithelium, various non-pa thogenic bacteria, and the 
bacillus coli commune, food detritus and other substances 
which vary according to the segments of intestines involved. 
The salient symptoms are colicky pain, borborygmus, flatu- 
lence, some abdominal tenderness with gurgling on pressure, 
oliguria due to the loss of fluitls, anorexia and sometimes 
slight fever. 

Unless the cliarrluna be the forerunner of some graver con- 
dition, as is often the case during cholera epidemics, or the 
initial stage of chronic enteritis, the symptoms disappear grad- 
ually after the second or third day. 

Pathogenesis and Pathology. — Mntcritis is caused by any 
substance capable of irritating the intestinal mucous membrane. 
It represents, at first, a (vagal*) reflex increase of functional 
activity of the intestinal glandular and muscular elements by 
the irritant, having for its purpose the protection of the mu- 
cosa and the body at large. Intestinal juice containing auto- 
antitoxin and mucus (the latter serving to protect mechanically 
the cellular elements of the mucosa), the former is produced in 
abundance, to disintegrate by cleavage the irritating substance 
and insure its elimination.* 

The irritation of the intestines may be exogenous* Le,, 
caused by ingested materials, unripe fruit, fermented foods, 
an cx(*ess of food-stuffs, or foods containing a small quantity 
of leucomains (those containing a large quantity of leucomains, 
stale cream-puffs, ice-cream, cheese, etc., give rise to cholera 
morbus, in which the central nervous system is involved*), 
unripe fruit, impure drinking water, etc.; or endogenous, i.e., 
produced by irritants originating in the body. Toxic wastes, 

♦ Author’s conclusion. 
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formed when the body is exposed to cold and damp or when the 
surface of the abdomen is suddenly chilled,* frequently cause 
enteritis. 1'he temperature of the cellular trypsin being low- 
ered, the cutaneous catabolic processes are inhibited, and as 
imperfectly broken-down wastes are jKjisonous, they irritate the 
intestinal canal while being eliminated through it.* The toxic 
substances of bacterial origin, of detritus, acids, etc., formed 
during typhoid fever and other febrile diseases, cancer, liright^s 
disease, tuberculosis, etc., produce enteritis by the same mor- 
bid action on the intestinal canal.* 

Treatment. — In mild cases due to ingested irritants, a 
restricted diet, particularly if anorexia be present, usually suf- 
fices to insure early recovery, since the intestinal overactivity 
is thus to a great extent reserved for the disintegration and 
elimination of the offending substances. When a case presents 
any degree of severity, however, the auto-protective process 
should be aided by administering a purgative. Magnesium 
citratey the entire bottle being taken in two doses, usually 
suffices for the purfjose and materially reduces the duration 
of the diarrhma. Calomel, in '/4 grain (0.016 grn.) doses for 
adults, every half hour until eight doses have been taken, is also 
very effective. By actively stimulating the adrenal center, it 
increases the activity of the pancreas, and therefore the anti- 
toxic activity of the intestinal juice, while acting as a purga- 
tive.* Smaller doses are also efficacious, though castor oil is 
preferred by many clinicians. 

After elimination of the irritant substances measures may 
be taken to arrest the diarrhma. This may be done by giving 
small doses of opium, grain (0.03 gm.), to constrict the 
arterioles.* If there is any suspicion that the cause is not 
completely removed, belladonna is preferable, since it not only 
reduces the caliber of the arterioles, but enhances their propul- 
sive activity, thus increasing the volume of arterial blood which 
circulates in the capillaries of the intestinal mucosa.* A gran- 
ule of Vioo grain (0.00065 gm.) three times daily, then twice 
daily, suffices. Tf there is any degree of general adynamia, 
thyroid gland 1 grain (0.06 gm.) after each meal not only 
counteracts this condition, but while doing so, hastens resolu- 
tion of any intestinal lesion that may be present.* 


* Author* a conclusion. 
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(^HKONIC ENTERITIS. 

Synonyms. — Ch ronic D iarrliwa ; Chronic Entero-colitis ; 
Vlceraiire Colitis; Mucous Colitis; Tropical Diarrlitm, 

Definition. — (-hronic enteritis, a disorder characterized by 
persistent diarrhiea, is due to irritation of the intestinal mucous 
membrane by imperfectly digested food-stiiflFs, or by protozoa. 
The diarrhoea is the expression of a protective process having 
for its purpose the destruction and removal of the pathogenic 
substance or parasite.* 

Symptoms. — When it does not occur as a result of acute 
enteritis, the chronic form comes on insidiously, the first indi- 
cation being looseness of the bowels, occurring coincidently 
in most cases with gastric malaise. The movements gradually 
increase, however, both as to number daily, though they seldom 
exceed five, and as to quantity, and are a])t to occur after rising 
in the inoiTiing or immediately after a meal. The first daily 
stool is usually fiecal, but the succeeding ones gradually become 
more liquid until they arc watery, though yellowish-brown in 
most instances. The typical stools are clay-colored and usually 
contain considerable mucus, the terminal stool of the daily 
series being often entirely mucoid, sometimes streaked, in ad- 
vanced cases, with blood. They are often described as ‘^sago- 
like,” the mucus being broken up into granules. At times they 
are bile-stained and brownish-yellow. 

Microscopically, the stools are usually found to contain 
fragments of food, carbohydrates as well as proteids, in various 
stages of digestion, starch granules, fat globules, eholesterin 
plates, triple ])hosphate crystals, etc. Occasionally, especially 
in women, the mucus is discharged in the form of casts of 
various segments of the colon. Examination of the rectum in 
advanced cases reveals marked local congestion and areas of 
ulceration, the whole being coated with mucus. Tn the prox- 
imity of the anus the mucous membrane is usually found thick- 
ened and excoriated, owing to constant contact with abnormal 
excrementitious products. I'he sphincter being extremely irri- 
t.able, tenesmus is often complained of — a cause in some eases 
of constipation, followed sooner or later by a copious discharge. 
Pain is sometimes complained of, but it amounts seldom to 
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more than slight colic. I'enesmns and flatulence are prominent 
features. Another salient symptom in some, cases is a voracious 
appetite, though the patient is usually asthenic, even his tem- 
perature being sometimes below normal. 

In tropical countries especially, including the Philippines, 
various protozoa, the balantidium coli in particular, may cause 
obstinate diarrhoea. The stools are generally bloody and con- 
tain the organism, while the blood of the general circulation is 
found to contain an unusual number of cosinophile leucocytes. 

Pathogenesis and Pathology. — Chronic catarrhal enteritis 
may be due to the presence in the intestinal canal of food- 
stuffs (both proteids and carbohydrates) that have been imper- 
fectly hydrolized to peptones and proteoses in the stomach, and 
which therefore act as irritants. Any disease of the’ stomach 
in which the digestive process is sulTiciently impaired may thus 
give rise to this ferm of enteritis, also termed “lienteric diar- 
rhoea.” The imperfectly digested foods, owing to their irritat- 
ing nature, stimulate reflexly the intestine to increased activity,* 
secretory and peristaltic, to such a degree that in the majority 
of cases the bowels are evacuated immediately after a meal, the 
stools containing considerable undigested material. 

In another class of cases, the digestive process is inade- 
quate in the intestine as well as in the stomach, the secretion 
of pepsin and trypsin being markedly reduced, and the gastric 
motricity and intestinal peristalsis likewise. Dilation of the 
stomach and enteroptosis are sometimes observed in these cases, 
owing to muscular relaxation, and the diarrheea often tends to 
alternate with periods of constipation. This form is primarily 
due to conditions which markedly debilitate the adrenal sys- 
tem.* These include exhausting diseases such as tubercu- 
losis, malaria, anaemia, syphilis, and influenza; conditions which 
overtax the muscular system, such as long marches with heavy 
accoutrements and other causes of fatigue; insuflicient or in- 
digestible food; dirt-eating, etc. The excessive heat of trop- 
ical countries also predisposes to chronic catarrhal enteritis, i.a., 
tropical diarrhoea, the debilitating influence being the loss of 
reflex excitation of the central nervous system which cold in- 
sures by exciting the cutaneous sensory organs.* 


* Author* a conclwiion. 



CHRONIC ENTERITIS. 


1756 


Various protozoa may provoke persistent clironic diarrheea 
by causing ulcerative enteritis. Prominent among these is the 
balantidium coli of Malmsten (184G) which penetrates the 
mucosa and submucosa, and by multiplying rapidly, brings 
about organic changes that may cause death in a few months. 
It is ingested by drinking water infected with the balantidium 
of pigs, in which it is common. '^Fhe amoeba coli, one of the 
causes of tropical dysentery, and the strongyloides intestinalis 
of Havay (1876) may also cause obstinate diarrhoea by giving 
rise to ulcerative enteritis. 

That chronic diarrhim may bo of dyspeptic origin is now generally 
recognized, thanks to the labors of Kwaid, Nothnagcl, Rosenbach, Peii- 
zoldt, Einhorn and others. The same may bo said of the asthenic^ form. 
As stated by Allen A. .Tones,'®* “in the gastric affection named by Einhorn 
‘Achylia Gastrica,* there exists a suspension of the secretions of the 
stomach, in some cases as the result of atrophy of the gastric glandules, 
in others as the result of a nervous disturbance of secretion. It is 
probable that all cases of this affection do not arise from glandular 
atrophy. For some years Stockton has maintained that the disorder 
often begins, and may continue, as a neurosis, and he has found a special 
form of ocular refractive error associated with it. In writing upon • 
‘Gastric Anacidity* some years ago,” adds the author, “I also empha- 
sized the suggestion that some cases perhaps commence as a neurosis and 
may go on ^ subsequent organic disease and atrophic changers.” He 
•considers as results of such a condition, a precipitate expulsion of food 
with irritation or overwork of the intestine, caused by the toxic sub- 
stances developed and more or less severe inllammation of the intestine. 
That the adrenal center is primarily affected is shown by the nature of 
the diseases which give rise to it, i.e., “chronic exhausting diseases,” as 
Tyson'®® characterizes them. 

That the balantidium coli may also produce lesions other than those 
found in the colon, may be illustrated by a ease reported by Strong and 
Musgrave,'®® in which the jejunum and ileum were both hyperuemic and 
contained considerable mucus. 

Treatment. — The chronic catarrhal enteritis due solely to 
gastric disorders, requires, of course, appropriate measures calcu- 
lated to remove the latter. Attention to the diet is also of para- 
mount importance: cereals, fruit and vegetables leaving much 
waste, iced foods or beverages, fried or highly seasoned foods, or 
substances cooked in much fat, etc., should be avoided and re- 
placed by easily digested articles. Over-eating and drinking 
is a prolific source of the disease in tropical countries. Alcohol 
is always contraindicated, since it deoxidizes the adrenoxidase of 
the gastric juice and lowers its digestive activity in proportion.* 

• Author^s cofwhudon. 
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Fresh water, without ice, should be used as a sole beverage. 
Bismuth subnitrate, in ir)-grain doses (1 gm.), taken one hour 
before each meal, and washed down slowly with a half -tumbler- 
ful of water, is carried by the latter directly to the intestine, 
and markedly reduces the local congestion before the next meal 
enters the canal. Towards the end of each meal, 5 grains (0.3 
gm.) of pepsin aid considerably the <ligestive process and avoid 
the formation of the intestinal irritants. If there is gastrie 
atony, and the digestion be abnormally slow, a small pill com- 
posed of extract of gentian, Vo grain (0.033 gm.), and extract 
of nux vomica, V 4 grain (0.016 gm.), taken twenty minutes 
before each meal in addition to the foregoing measures, is 
indicated. In mild cases, these remedies, a light diet, and rest 
— since a considerable portion of muscle-wastes are eliminated 
by way of the intestine and tend to aggravate the local lesions — 
soon prove beneficial and, if persisted in, curative. In severe 
cases, the reduced diet should be replaced by an all-milk diet, 
taking care that the patient be supplied daily, distributed 
throughout the three meals, the quantity of sodium chloride 
eliminated daily with the urine, i.e., ^/o ounce (15.5 gms.).* 

The milk treatment fails in many cases because the fact is over- 
looked that milk is very poor in sodium chloride. This salt is all the 
more essential in that it takes part in the formation of the gastric hydro- 
chloric acid, which plays in the present disorder a cardinal rOle as will 
be shown presently. 

The treatment of the neurasthenic form differs from the 
preceding in that the main indication is to raise the functional 
activity of the adrenal system to its normal level and thus 
increase the functional activity of the stomach and pancreas.* 
The treatment — dietetic and medicinal — indicated in the first 
form, is likewise of advantage here. After a week or so, how'- 
ever, when the acute irritability of the intestinal canal begins 
to disappear, as shown by a marked diminution of the number 
of stools and of the tenesmus and general discomfort, the 
pepsin should be omitted, and a capsule containing strychnine 
sulphate, V 40 grain (0.0016 gm.), and thyroid gland, 1 grain 
(0.06 gm.), given during each meal to increase the proportion 
of auto-anti toxin in the intestinal secretions.* The diet can 
then be increased gradually to the normal quantity, the patient 
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being warned to avoid foods that produce bulky wastes, irri- 
tating condiments, and alcohol, and any kind of food which he 
has found by experience is digested wilii difficulty. Cases in 
which there is a liislory of syphilis yield promptly to treatment 
addressed to this condition. High cncmata of iiorinal saline 
solution at 104® P. (40° C.) hasten materially the curative 
process in all forms of chronic diarrluea. 

When the general asthenia is not marked, regulation of 
the diet, the bismuth before meals and strychnine during the 
meal usually prove efficacious. The functional torpor of the 
pancreas may be counteracted and recovery greatly hastened, 
however, by administering dilute hydrochloric acid, 120 to 30 
drops in water after meals. On reaching the duodenum the 
acid stimulates the pancreas and causes it to inc^rease its pro- 
duction of trypsin. This (mhances not only the efficiency of the 
intestinal digestion, but also the intracellular fimciions of the 
digestive leucocytes and, therefore, general nutrition.* 

The treatment of chronic diarrluea depends upon the 
identity of the parasite, as far as local treatment is concerned; 
thus, rectal injections of quinine, 1 in 1000 solution, kill the 
balantidium, but do not affect the aniccba coli. A solution of 
1 in 10,000 of siher nitrate used in the same manner is some- 
times effectual in destroying the latter. Calomel, in small doses, 
has been rc(;omnicnded by several observers ; it acts, as wc have 
seen, by increasing the proportion of auto-antitoxin in the intes- 
tinal juice, owing to its powerful stimulating action on the 
adrenal system.* 

We have seen that ()otassiuiTi iodide and rnerenry are most potent 
adrenal stimulants. In a case in a syphilitic subject reported by Lcre- 
boullct,’'" the diarrlima, which had lasted ei^diteen months and had re- 
sisted all treatments, promptly yielded to anti-syphilitic measures. The 
same treatment is in reality effective irrespective of any syphilitic dis- 
ease. Its action through the adrenal system is supplemented by a direct 
effect on the organisms. Quincke^"* states that calomel is toxic to all 
protozoa. Hydrochloric acid has been found very useful by Allen A. 
Jones,*** Soiipault,”® Aaron*** and others. 
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TYPHOID FEVER. 

Synonyms. — Enteric Fever; Abdominal Typhus; Ner^ 
vous Fever; Autumnal Fever. 

Definition. — Typhoid fever, a disease characterized by the 
penetration into the intestinal lymph follicles, and often into 
the fluids of the body at large, of the bacillus typhi or of the 
bacillus coli (when the latter has assumed virulence) and their 
toxins or endotoxins, is the expression of a reaction of the 
adrenal system, having for its purpose to rid the body of these 
pathogenic germs and their poisons.* 

Symptoms. — The incubation period lasts generally two or 
three weeks, occasionally less. The symptoms appear gradually, 
beginning with a feeling of weariness, slight nausea, loss of 
appetite, sometimes diarrhma. The tongue becomes coated, 
the expression dull. Pain is often present as headache, and iii 
the back and legs; in the head and neck it is sometimes so 
severe and persistent as to resemble that of meningitis. I'he 
rise of temperature is usually gradual, sometimes sudden, to 
reach 102° F. (38.9° C.) or even 103° F. (39.5° C.) by the 
time the disease is well started. Chills of varying severity, fol- 
lowed by sweats, arc not unusual. At the onset, delirium and 
bronchitis may also be seen, the latter especially in children. 
In the pneumonic and renal types of typhoid, the nature of the 
disease is likely to be marked for some days by evidences of 
pneumonia or acute nephritis; at the end of this period the 
diagnosis is warranted if fever is ol)scr\x*d to continue. 

The disease is generally considered to have begun when 
the patient is obliged to take to bed. From this time on it is 
found convenient to summarize the symptoms as they occur in 
successive weekly periods. 

First Weelc , — The pains already mentioned persist. ^Phe 
intellect is generally blunted, but this is not an infallible sign. 
Wakefulness is sometimes met with, but there is usually no 
delirium in the first week. Fever continues, and the skin is 
hot and dry; a ditfiise erythematous rash may appear. The 
daily temperature shows a slight rise from morning to even- 
ing; it also rises gradually throughout the week. The pulse 


* Author* 9 definition. 
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shows greater frequency, less marked, liowever, than the tem- 
perature rise; it is easily compressed and often dicrotic. 

Neaf the end of this period, spots of a rose color appear on 
the skin, usually on the abdomen. They number usually not 
more than twenty or thirty, except in tliose cases where the 
distribution is widespread. Other symptoms include nausea, 
disinclination to take solid food, white furred tongue, diarrhoea 
(occasionally constipation) and slight cough. At the end of 
the week the spleen is found to be enlarged, but it is rarely the 
seat of pain. The urine is usually lessened. 

Second Week . — The symptoms become more severe. There 
is rapid loss of strength. Dullness of countenance and apathy 
increase, until the face shows little or no expression; deafness 
is an additional factor. The headache slowly disappears, and 
is replaced by delirium of variable severity, more apt to be of 
a quiet, muttering character than otherwise. The rose-colored 
spots appear on the abdomen and chest in successive crops, each 
lasting three or four days, and leaving a slight discoloration of 
the skin. The temperature remains high and may rise above 
that attained in the first week; diurnal variations continue. 
The height which it reaches affords commonly, but not invari- 
ably, an indication of the severity of the case, ^le pulse-beat 
shows a rise in frequency, but usually does not exceed 100 until 
the latter part of the second week. The first sound of the 
heart is perceptibly lowered in volume, and congestion in the 
lungs may appear as an evidence of cardiac weakness. Moist 
and dry rales may be heard. The tongue again has a white, 
furry coat; later this disappears, leaving the tongue bare and 
red, with a tendency to become dry and cracked. The lips are 
similarly affected. Commonly the mouth contains mucus, which 
renders it sticky and hinders mastication, and provokes thirst, 
while the gums and tongue are apt to bleed. The stomach is 
less irritable than during the first week, but in general nau- 
sea and anorexia persist. The abdomen is now found to be 
tympanitic, owing to the accumulated gases resulting from fer- 
mentation and the inability of the weakened muscular layer 
to drive it out. Constipation may occur, but more commonly 
there are numerous diarrhoeal evacuations, ochre-yellow in 
color, copious, liquid, with shreddy matter and offensive odor. 
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In these stools the bacillus of typhoid can be detected in the 
course of the second week. Death occasionally occurs toward 
the end of this period, owing to perforation of the intestine. 

Third Week . — Muscular weakness and emaciation have 
become marked. Delirium is continued, depending in severity 
on the individual. In the severe type it may be replaced by 
coma vigil and subsultus tendinum. Staring eyes and flushed 
skin give the face a peculiar expression; the patient is no 
longer conscious, 'riie rose-coloml spots continue to appear. 
Eepeated sweats occur at this stage, in a few cases earlier in 
the course of the disease. They are followed by eruption of 
small, temporary vesicles or sudamina. The temperature oon- 
tinucs high, but with more considerable remissions, tlie morn- 
ing and evening determinations differing sometimes by three 
or four degree's. The pulse is now found to be more frequent 
and small in volume. Tlic cardiac first sound is markedly 
weakened. In bad cases breathing may be shallow and 
hastened. 

Diarrlima is continued and may be severe; largo numbers 
of bacilli are present in the stools. Sometimes the stomach 
remains irritable, and the resulting insufficient nutrition 
causes the patient to become exhausted. »Jaundiee is occasionally 
seen; with it is often associated epistaxis of corresponding 
severity. In such cases the stools are dark colonnl and the 
urine contains albumin. Thrombosis of the veins is not uncom- 
mon and usually occurs in the legs. Dilation of the heart 
from degeneration and weakening of the musculature should 
be watched for; the first sound is decreased and the second 
pulmonic accentuated. 'I'hc quantity of urine is now greater, 
and its toxicity remains high, particularly when treatment with 
cold baths has been used. Typhoid bacilli are found in the 
urine in twenty-five per cent, of all cases. 

At this stage perforation and ha*morrhage are commonest. 
These are favored by the accumulation of gas in the bowel. 
TTa?morrhage occurs in about 5 per cent, of the cases and is 
fatal in one-third of this number. It may be gradual and slight 
in amount, or sudden and voluminous, ^^le symptoms, which 
sometimes appear before haemorrhage has occuTO'd, include 
lowered temperature, cold skin, weak and frequent pulse. The 
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likelihood of fatal result is indicated by the degree of prostra- 
tion of the patient. In general, the loss of blood is followed 
by cessation of delirium and return of consciousness. Pain is 
present in some cases of haemorrhage. 

Perforation of the intestine is accompanied by a fall in 
temperature, also by a cold skin and increased pulscvrate, as in 
the case of haemorrhage. Hiere is sudden pain in the belly, 
in most cases; the abdomen is at first tense, but soon shows 
swelling from the escape of gas from the gut. The face has 
a pinched exprc'ssion, and the rate of respiration is increased. 
Vomiting is not uncommon. The urine may be lessened in 
amount. Death almost invariably follows perforation, either 
at once from collapse, or in the course of a few days from 
|)eritonitis. Perforation and peritonitis sometimes follow 
haunorrhage, but it may occur without perforation. Death can 
result from complicating inflammations in various portions of 
the body, commonly in the lungs. This may occur in cases 
otherwise ap])arently mild. 

Fourth Week , — In this period tlio symptoms usually 
diminish in severity, and convalescence begins. Sweats are 
likely to persist, fllie temperature gradually falls and becomes 
intermittent, being normal in the morning and rising again in 
the evening. Additional elevations may be noted as the result 
of excitement, exertion, or mistakes in diet. The pulse-rate 
usually subsides to normal, but may remain high for some time. 
I^lvidence of continued cardiac weakness is sometimes seen in 
oedema of the lower extremities, and thrombosis of the veins is 
common in this stage. Boils .and bed-sores may occur, and the 
hair has a marked tendency to fall out. Tnflarnination of the 
bones is not unusual in the young during convahiscence. 

Tn more serious cases of typhoid, the symptoms may con- 
tinue through the fourth and fifth weeks. Sometimes the tem- 
perature may show irregular and rapid rises and falls of wide 
range. 'Rmaciation and weakness arc marked in these prolonged 
cases. The pulse becomes very weak, and the sphincter muscles 
lose their tonicity. Death may occur from perforation, exhaus- 
tion, or cardiac failure. 

Pathogenesis and Pathology. — The bacilli of the typhoid 
group include the colon bacillus and, whether as a result of 

2-^1 



1762 INTERNAL SECRETIONS IN PATHOGENESIS AND TREATMENT. 

rapid multiplication of the latter or of the assumption by it 
of greater activity, it can assume the virulence of the typhoid 
bacillus irrespective of any infection, when the environment is 
suitable. In the intestinal canal, which contains constantly the 
bacillus coli communis, the condition which renders possible such 
an assumption of virulence by this germ is the presence in the 
intestinal juice of an insufficient proportion of auto-antitoxin.* 

Typhoid fever may be caused, therefore, without infection 
of external origin when, either through hypoactivity of the 
adrenal system, or through excessive utilization of the blood’s 
adrenoxidase (as during exhaustion and prolonged exertion or 
labor), the proportion of <Tuto-anti toxin in the body at large is 
inade(piate.* This accounts for the development of typhoid 
fever in the so-called ‘^spontaneous origin” group: in troops, 
after long and exhausting marches, in the overworked and 
debilitated, etc., where there is no evidence of infection by 
typhoid bacilli of exogenous origin.* 

In the great majority of cases, however, the disease is 
caused by typhoid bacilli ingested with food or beverages, 
especially water derived from, a contaminated source. While 
debilitated individuals, i,e., individuals in whom the adrenal 
system is hypoactive (and whose intestinal juice is therefore 
poor in auto-antitoxin) are more readily infected,* subjects in 
apparently normal health do not seem to be exempt. 

The close kinship between the colon biicilliin and the typhoid ba- 
cillus is now generally recognized. Ohlniacher^’* writes in this connec- 
tion: *‘One of the most significant arguments for the close relationship 
of those bacterial groups seems to be afforded by the now generally 
adopted practice of ‘rejuvenating’ bacilli of the colon group secured 
from saprophytic surroundings, as from water, by growing them for 
several generations under the artificial laboratory" environment before 
making physiologic differential testa.” . . . “Many of the acquired 

characteristics make a suspiciously typhoid-like behavior in a so-called 
colon bacillus.” 

The development of typhoid fever among troops during bard cam- 
paigns involving much fatigue, is well known. Houston^* states that 
“the efficiency of the army medical service, although high, has failed to 
prevent the British troops in South Africa from suffering from enteric 
fever to a deplorable extent.” Conatans of Montpelier'** showed tw'elve 
years ago, that fatigue was a very important factor in the pathogenesis 
of typhoid fever; while T. Legry"® concludes, with other observers, that 

• Author* R eoneluHion. 
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"overwork, fatigue, loss of sleep, poverty, immoderate exercise, play a 
very important part” in the development of sporadic cases and epi- 
demics. 

That the colon bacillus may become pathogenic under the circum- 
stances mentioned is suggested by the marked inlluenee of general adyn- 
amia upon the virulence of the pneumoeoeeus, although in the case of 
the latter germ, the pathogenicity is due to its rapid multiplication. 

Some of the morbid jihenomena enumerated arc but 
manifestations of a violent reaction of the body’s protective 
resources.* The fact that animals may be immunized by 
gradually increased doses of living or dead typhoid bacilli and 
that they are now known to cause the appearance of a bacterio- 
lytic and antitoxic substance in their blood, points clearly 
to the identity of the organs stimulated by the typhoid toxin 
or endotoxin: those of the adrenal system, through the test- 
organ.* Hence the marked febrile process, which continues until 
the pathogenic organisms — living and dead — and their toxins 
or endotoxins arc destroyed.* 

The energy with which the protective functions are stimu- 
lated by the typhoid toxins or endotoxins is well shown by the 
marked localized leucocytosis evoked in favorable cases.* The 
swelling of the intestinal lymphoid follicles is in fact greatly 
due to the presence therein of an enormous number of phago- 
cytic endothelioid cells. I’his is an important feature of the 
prognosis of these cases, since the efficiency of the defensive 
process depends greatly upon the power of the small and large 
phagocytes — microphages and macrophages — to offset the mul- 
tiplication of the typhoid germs. The imprtance of this fact 
is also emphasized by the identity of these follicles as barriers to 
general infection.* 

The protective vaccinations used during the war in South Africa 
by Sir A. E. Wright elucidated many of tlie above features; they showed 
clearly the reaction of the body under their influence and an increase of 
what he terms the “bacteriotropic substances” — which, as T have shown, 
is composed of the aggregate of bodies which make up auto-antitoxin. 

As to the localized leucocytosis, Olilniacher^'® writes: “From the 
more recent and precise histological studies, especially those by Mallory, 
it appears that the tumefaction of the intestinal, mesenteric and splenic 
lymph -apparatus is due to the excessive proliferation of the phagocytic 
endothelioid cells arising from the lymph-spaces, lymph -vessels and endo- 
thelial layers of the blood-vessels. These cells are diffusely scattered 
throughout the swollen follicles and glands in immense numbers, or ac- 
cumulated in large groups, and they manifest pronounced phagocytic 
activity, as well as multiplication or retrogressive changes.” 

* Author’s conclusion. 

“•Ohlmacher: Lor. rit., p. 236. 
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Jf the pliagocyles — both small and large, the latter (the 
macrophages) ingesting the former when bacteria-laden — 
succeed in ridding the lymphoid follicles of the pathogenic 
germs, a feature ol* tlie average case which occurs about the 
eighth or tenih day, resoluium occurs. The amceboid cells 
collect the local detritus and remove it and the lymphoid ele- 
ments resume their normal functions. 

When, however, such is not the case, both the small and 
large phagocytes, either because of excessively rapid multipli*- 
cation of the bacilli, or inability of the phagocytic cells to 
digest them* (through denciency of the digestive agent — the 
auto-antitoxin — they contain), and also the epithelial elements, 
become necrotic, and shvghiny occurs; a grayish mass of cel- 
lular detritus is then formed which becomes detached. This 
usually carries the case to the end of the iliird The de- 

tached slough leaves a dangerous feature of the lesions, how- 
ever, viz., a round or elliptical ulcer occupying a solitary follicle 
or a portion of a Peyer’s patch which may reach down to the 
muscular layer and even through to the serous coat. Tt may 
also give rise to intestinal luvmnrrhaye, owing to erosion of an 
artery or vein; or perforation of the intestinal wall may 
be followed by peritonitis, a condition which may also be 
brought about by extension of the inflammatory jirocess in the 
lymphoid tissiu^s. 

Resolution of the ulcerated areas begins — provided the 
reparative functions be adequate — as soon as th(» slough has 
fallen off, new epiiheliinn growing into the area from its peri- 
phery. Portimately, the cicatricial tissue formed is longitudin- 
ally disposed, and does not, therefore, tend to cause constriction 
of the corresponding portion of the intestinal canal. l"hc 
healing process terminates the fever. 

This clifTors only from iho usual version in that the all-importance 
of the phagocytes is emphasized. It is not deemed necessary, therefore, 
to adduce e.videnc(*. 

Treatment. — The cardinal indication suggests itself in the 
light of the foregoing facts, viz., to enhance not only the bae** 
teriolytic powers of the blood as soon as possible, but to charge 
it simultaneously with thyroidase (opsonin) in order to sensi- 
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tize the bacteria and activate tlieir ingestion and digestion by 
the phagocytes.* 

The first step in this direction is accomplished by adniin- 
istcring — when tlie patient is first scon, and even where tlic 
diagnosis is not certain — calomel in 5-grain (O.M gm.) doses 
every three hours until green li(|iiid stools occur, liiliverdin, 
which gives the passages this color, being mainly composed of 
reduced adrenoxidase,* these stools indicate that an active bac- 
teriolytic and antitoxic process has been provoked both in the 
liver and intestine. It does not show, however, that thi^ latter 
has been rid of the pathogenic germs it (*ontains,* and inasmuch 
as dead typhoid bacilli are pathogenic, the intestinal canal 
should be cleared of them by provoking a flow of int(*stinal 
fluid (which contains auto-antitoxin) through it, by means of 
a saline purgatives — either a bottle of citrate of magnesia or 
a dose of Epsom salts. Violent saline purgation should be 
avoided, however, since it depletes too freely the blood of 
serum and of adrenoxidase, and reduces, therefore, its defensive 
properties.* 

Calomel baa an oxeelleiit record in the treatment of l\’phoid fever. 
Liebermeister, Bonebard and otlier equally prominent antborities have 
placed it first in tbe list of our resources. It lias also foniu'd tbe founda- 
tion of various nietbods wbieb have shown a low mortality, even tboiigb 
its effects were bampered by tbe addition of intestinal “antiseptics” and 
other injudicious combinations. Tbe value of Kalb’s method to abort 
typhoid fever by mercurial inumdions in eases seen Ixdore tbe ninth day, 
was <?onfirmed by Harllctt"^ and otln-rs. In Bartlett’s eases tbe tem- 
perature fell to normal on tbe third <lay of treatment, and all symptoms 
bad disapfieured by tbe sixth. J. C. Wilson"** treated systematically 
five cases by means of hypodermic injections of calomel. Tbe cases were 
all severe, and all recovered. Three of them ran an exeejitionally favor- 
able course. Tbe author concluded that calomel thus introduced into 
tbe organism exerts a decided therapeutic iniluence in ameliorating tbe 
symptoms and in modifying tbe temperature range in enteric; fever. 
Andrievsky"® conducted a series of experiments to determine tbe value 
of calomel. Tn 71 eases calomel was given in a d«)se of 30 grams (1 gr. ) 
thrice daily, while for tbe purpose of comparison quinine- was given in 
tbe same doses in 40 other eases. Tbe patients in tbe first group con- 
tinued to take the calomel till their evening tc-mperature became normal; 
this result was obtained after a total amount of tbe drug, varying from 
8 to 20 grams (2 to 5 drachms), bad been taken. Stomatitis never 
occurred, nor was diarrbeea aggravated. Tbe disease in all these patients 
was .mild in type and often aliorted. Tbe fever abated more quickly, 
and tbe mortality (2.82 per cent.) was less than in tbe (;ases treated 
with quinine. No patient who was put on the calomel treatment within 

• Author’s conclusion. 
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the first week of the illness, died. After using it in 90 cases, C. 11. 
Lewis'^** concluded that calomel was the most useful agent at our 
disposal. Hettman,^^ who concludes in the same vein, gave calomel 
hourly in ( 0.0055 gm. ) doses as much as twelve days before 

salivation appeared, a sign that these cases show considerable toleration. 
HacketV^ who regards mercury as a specific in typhoid fever (blue mass 
to point of toleration and an alkaline every morning), reached a similar 
conclusion. A large number of authors rcoommended calomel. 

The larger preliminary doses and the saline purgative 
should be followed by .^rnall doses, grain (0.00(55 gm.), of 
calomel every three hours to sustain and enhance the functional 
activity of the adrenal system.* This may be continued until 
salivation appears, when the intervals between the doses may be 
increased sufiicicntly to keep its action just within this symp- 
tom, which shows that the limit of safety has been reached. 

The second indication, namely, to sensitize (opsonize) the 
bacilli and facilitate their ingestion by phagocytes, is not sat- 
isfactorily met by mercury;* it must, therefore, be brought 
about through anotlier agent such as thyroid gland, which con- 
tributes thyroidase (opsonin) to the blood.* Its use with mer- 
cury would offer some danger, however, since it might coincide 
with the presence of an amount of thyroidase almost sufficient 
to sensitize the depressor nerve and thus inhibit the functional 
activity of the adrenal system* — an undesirable result. Iodine 
and the iodides are preferable. Given with mercury, grain 
(0.033 gm.) of iodine and 5 grains (0.3 gm.) of potassium 
iedide night and morning, arc sufficient to insure adequate 
sensitization of all pathogenic elements.* In cases in which the 
mercurials cannot be used, iodine and the iodides can be used 
alone, as shown below. In that case, however, thyroid gland 
will prove more active, 3 grains (0.53 gm.) three times daily 
being sufficient to increase markedly the blood’s defensive 
properties. 

Iodine, recommended by Sauer in 1840, has likewise been consid- 
ered a “specific” in typhoid fever. Klietscli,^ for example, after using 
a combination of potassium iodide and iodine in 81 cases, had but two 
deaths, one cause<i . by perforation due to a dietetic error, the other 
from meningitis. These results were obtained during an epidemic, and 
were considerably better than those obtained by him during the 4ame 
epidemic in 40 cases treated by the standard method — cold baths. Cavaz- 

• Author*a conclusion. 
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zani'^* reported 62 cases. He liegan with a cnlomel purge, followed it 
up with sulphate of sodium and then the iodine, giving twenty drops 
(adults) of a solution containing 7^/j grains (0.5 gm. ) of iodine, 70 
grains (4.G gm.) of potassium iodide, in divided doses daily. He found 
that this treatment not only gave better results than any other, but that 
the complications were less frequent, that the temperature was rapidly 
reduced and finally that the convalescence period was considerably 
shorter than is usually the case. Ceriolo,’“ who practices in a region 
in which the disease is endemic and always severe, states that since ho 
has been using iodine systematically, all his cases remained mild — tweii 
those which had shown a stormy onset. 

A method of the utmost importaiiee in typhoid fever, as 
in all febrile diseases, is the use ol* sn/tne solution from the 
outset to preserve the osmotic properties of the body fluids, 
and, therefore, the (iffieieney of the defensive functions.* Kven 
though the blood be rich in auto-antitoxin, abnormal viscidity 
of the blood itself, and especially of the lymph, prevents its 
action on germs and the poisons derived from them. The r(‘ader 
is referred to the general article on page 1IU)7 for the necessary 
details. 

The diet should be that generally advocated, viz., one hav- 
ing in view the fact that the intestine is the seat of lesions which 
render the use of foods that impose physical irritation or undue 
peristaltic action upon the organ dangerous, in that they tend 
to promote local complications. 

The prevniliug custom is to await hemorrhage or the practical 
collapse of the patient before using the saline solution. As shown in the 
article referred to, this is based upon the prevailing lack of apprecia- 
tion of the importance of the inorganic salts upon all functions, and 
particularly upon the defensive functions. Acting upon my conclusions 
to this effect, published in 1903, Toild*^® used saline solution from the 
outset and found that it kept the tongue moist — the dry, parched tong\ie 
indicating deficiency of fluids and alkaline salts — and that the course 
of the disease was generally improved. The important feature of his 
observation, however, is that he found that saline beverages proved as 
effective, used in the following way: Ten grains (0.0 gm.) of sodium 
chloride and 5 grains (0.3 gm.) of potassium bic^arlxmate added to 8 
ounces (236 gm.) of water; a teaspoonful of lemon juice is added, 
which produces a mild effervescence and renders the drink very palatable. 
J. Madison Taylor found that the ordinary decinormal gave equally 
satisfactory results used as a beverage. The cardinal indication is to 
insure an adequate intake of this fluid to replace as much as needed of 
the half-ounce (16 gm.) of sodium chloride voided every day with the 
urine and other excretions, and which is not replaced when the diet is 
low. 


• Author' 8 conclusion. 
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As to the use of cold baths, they are not necessary if the 
foregoing measures are carried out. Sponging is useful, how- 
ever, when the tempcraturt — manifestation of the curative 
process — exceeds 103° F. (39.5° C.), to enhance the dissipa- 
tion of heat from tlie skin. 

If hcemorrhage occur, the aim should be to cause constric- 
tion of the intestinal arterioles;* we have seen that morphine 
jiroduces this eirect. Its value is shown by the fact that it is 
generally employed in this identical condition. Constipation 
is best met by means of large enemas of saline solution at 110° 
F. (43.3° C.). 

Prophylaxis. — The influence of excessive fatigue, a predis- 
posing cause in the epidemics observed in troops during ardu- 
ous campaigns,* should he home in mind, in view of the like- 
lihood that the bacillus coli can assume the virulence of the 
typhoid bacillus.* Proper periods of rest and increased trans- 
portation facilities will obviate this danger. An important 
feature of this (piestion is that ^^cxcessivo fatigue^^ means in 
this connection, abnormal consumption of adrenoxidase, nucleo- 
proteid and of the xymogens wdiich jointly sustain metobolism 
— the identical substances of which auto-antitoxin is composed.* 
The use of agents such as quinine or cojfee, which stimulate 
the adrenal and vasomotor centers, is therefore indicated.* A 
very pernicious agent in this connection is alcohol, which, by 
reducing the blood’s adrenoxidase, produces effects similar to 
fatigue.* 

While a militia oflleer, during iny younger days, I fre(|iiently noted 
the pallor wliidi overcame the men of my command after a prolonged 
parade, regimental drills, etc., a clear indication of two facta, viz.: 
that their adrenoxidase had become deficient, and that, as a result, the 
blood-pressure was abnormally low. The pernicious inlluence of alcohol 
in this connection was referred to when that agent was studied. 

In civil life, infection occurring often irrespective of tiny 
appreciable subjective cause, we have a powerful prophylactic 
combination in thyroid gland, 1 grain (0.06 gm.) and 
quinine, 2 grains (0.13 gm.) taken after meals, when there is 
a likelihood of infection or even when the premonitory symp- 
toms of the disease have occurred. Thyroid gland, by increas- 
ing powerfully the bacteriolytic power of the blood, and quinine, 
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by driving the blood towards the capillaries^ cause the intestinal 
mucosa and its lymphoid follicles to become congested with 
blood rich in protective properties, while the digestive activity 
of the phagocytes is also increased. Both the blood and its cells 
being likewise fully supplied with thyroidase, pathogenic germs 
are readily sensitized, thus augmenting greatly their vulner- 
ability to destruction by the phagocytes. 

Iodine and the iodides can also be combined with quinine, 
preferably the quinine hydrochlorate. None of the other agents 
of our pharmacopoeia are sufficiently active to afford adequate 
protection.* 


* Author’s conclusion. 
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THE INTERNAL SECRETIONS IN THEIR RELATIONS 
TO PATHOGENESIS AND ^FIIERA- 
PEUTICS (Continued). 

THE ADRENAL SYSTEM IN IHSEASES OF THE BLOOD. 

The pathogenesis of the ^‘anaemias” is considerably eluci- 
dated by the views and evidence I submit in the present volume. 
In true ana'inia, the fact that the adrenal system governs the 
proportion of adrenoxidase — oxyhaunoglobin — that the blood 
contains, at once imposes itself as an important feature of the 
problem, especially in view of the purpose I have ascribed to 
the iron-laden hamiatin, viz., to anchor this oxidizing substance 
in the red corpuscles pending its distribution to the tissues. 
The pathogenesis of tlie disease, as I conceive it — absence of 
iron to hold the oxyluemoglobin (adrenoxidase) and insuffi- 
ciemey of the latter through depressed activity of the adrenal 
system — becomes self-evident. In pernicious anaunia, the exag- 
gerated haemolysis finds as ready an explanation in an excess 
of auto-antitoxin in the blood through ovcractivity of the 
adrenal system, excited by autotoxins derived from food and tis- 
sue-wastes. In chlorosis we have a more complicated order of 
phenomena: marked liy|)oactivity of the adrenal system, and, 
as a result, general vasodilation and ischaunia of the peripheral 
vessels. The general vascular relaxation entails another import- 
ant pathogenic feature, however: inadequate circulation of the 
blood in the hepatic capillaries, and therefore imperfect assimil- 
ation of iron, a function in which the liver plays a cardinal role. 
Finally, in haemophilia, we have an example of congenital hypo- 
activity of the adrenal system. This entails a constant defi- 
ciency of adrenoxidase in the blood, and since adrenoxidase is 
the fibrin ferment, the coagulative properties of the blood are 
very deficient; it preserves its fluidity even when a vessel is 
ruptured therefore, and flows from the vessel as if it were water. 

( 1770 ) 
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ANiEMIA. 

Definition. — Anemia, a disorder cluiractcrizcd by pallor, in 
which the red corpuscles may or may not be destroyed, may be 
brought on by seveial morbid conditions, the most prominent 
of which are: a deficiency in the corpuscular hsematin, of the 
iron which anchors the adrenoxidase (oxyhannoglobin) in the 
red corpuscles pending its distribution to the tissues; hypo- 
activity of the adrenal system and the resulting general vaso- 
dilation, a condition which entails an accumulation of blood in 
the splanchnic area and iscluemia of the cutaneous capillaries.* 

Symptomatology, Pathology and Pathogenesis. — Some pal- 
lot of the skin and mucous membranes, with perhaps slight 
dyspnma, and a tendency to become fatigued without undue 
exertion, constitute the entire symptomatology of mild cases. 
Jn more advanced or grave cases, the pallor may become very 
marked; the mucous membranes, especially those of the fauces 
and gums, being almost blanched, ^rhere is mental and physical 
depression and a marked tendency to indolence. “Palpitations,^^ 
faintness, irritability, neuralgia, anorexia, indigestion, dyspnrea 
on exertion, headache, disorders of menstruation, and constipa- 
tion arc common ])henomena. There is general hypothermia 
of the peri|)hery, the hands and feet being usually cold. The 
pulse is often rapid, large and soft, though no fcv(M‘ bo pres- 
ent. 1'ho speculic gravity of the urine is low, and the urea 
excreted may be considerably below normal. (Edema, (‘specially 
of the ankles, is occasionally observed. Physical examination in 
severe cases usually elicits the fact that the heart is dilated, 
and a venous hum in the veins of the nec^k, coupled with a sys- 
tolic b(dlows murmur over the carotid arteries, is frequently 
heard. In some instances, a systolic murmur may be detected 
over the aorta and pulmonary artery. 

These phenomena may be said to represent the aggregate symp- 
tomatology — as to main signs — of the various forms of benign anemia. 
Tn some instanees but few of these signs appear; in others the entire 
symptom-complex is very marked. 

Examination of the blood may reveal no diminution of the 
red corpuscles, or of the hfemoglobin. But this is a ffpnrious or 
pseudo^noimia, the result of relaxation of the vascular system 


* Author*8 definition. 
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and accumulation of the blood in the great central vessels at the 
expense of that in the peripheral capillaries. This condition, 
due to depression of the vasomotor center, such as that produced 
by chloral, the bromides etc., is generally observed in 

nervous disorders, in new-comers in tropical countries, and arte- 
riosclerosis and other conditions. 

Ehrlich and Lazarus^ define anaemia as “a quantitative and quali- 
tative diminution of the amount of blood.’* This definition docs not 
include, however, a morbid condition which explains many cases of 
benign anaemia wc meet in practice, t.c., those due to an accumulation 
of blood in the greater central blood-channels, a condition which, by^ 
depleting the peripheral capillaries, provokes pallor. Under the caption 
“Local Anajmia,” Osier, for instance, states that “local ameinia of the 
brain, causing swooning, ensues when the mesenteric channels, capable 
of holding all the blood of the body, are wide open.” Vasomotor relaxa- 
tion alone accounts for this and the sudden pallor that attends swoon- 
ing proves that chronic depletion of the cutaneous vessels may be a 
cause of chronic pallor, which may be, and often is, taken for true amemia. 
Indeed, several other characteristic symptoms of true ansemia may 
appear;* thus dyspnoea may result from the fact that the capillaries 
of the air-cells likewise fail to receive sufficient blood to satisfy the 
needs of the body, as emphasized by J. H. White.® The irritability so 
often observed in ansemics finds an explanation in the fact that auto- 
toxins accumulate in neural elements, including those of the brain, when 
the oxidation processes therein are slackened. The increase of cardiac 
dullness which denotes dilation, a symptom upon which F. Milller* lays 
stress, may likewise bo caused by diminution of the blood supplied 
to the myocardium. Cohnstein and Zuntz® long ago attributed to vaso- 
motor narrowing of the peripheral ve.sscls the marked fluctuations in 
the number of red cells so often observed. This undoubtedly accounts 
for the observation of Pokrowsky® that the first dose of iron (which, 
we have seen, stimulates the vasomotor center) sometimes causes a rise 
of temperature? — which would mean, in the light of the foregoing data, 
that the peripheral capillaries become richer in arterial blood. 

Ana[?inia due to insufficient food likewise bclougs to the 
category of pseudo-anaemias.* Tlic red corpuscles not only fail 
to become reduced in number during periods of experimental 
starvation, but they are sometimes increased. The percentage 
of leucocytes, however, may be considerably reduced, owing to 
the absence of the periodical leucocytosis connected with diges- 
tion and inadequate nutrition of the leucocytogenic organs.* 
Since the salts of the blood, especially sodium chloride, are 
obtained from food, they are also deficient; the albumins 

* Author's vonelusion. 

' Ehrlich and Lazarus: Nothnafsel’s **Encyc1o. of Pract. Med./' Amer. ed., 
Yol. on Dis. of Blood, p. 15. 1905. 

* Osier: *‘Pract. of Med.," sixth edition, p. 718, 1905. 

s J. H. White: Birmingham Med. Rev., Oct, 1900. 

«Mflller: Berl. kiln. Woch.. Bd. xxxll, S. 824, 1896. 

® Cohnstein and Zuntz: PflQger's Archlv, Bd. xlll, S. 803, 1888. 

* Pokrowsky: Virchow’s Archlv, Bd. xxll, S. 476, 180L 
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are likewise diminished for the same reason. The hypothermia, 
coldness of the extremities, etc., observed in those eases indi- 
cate that, as in the group reviewed above, there is not only 
deficient general oxygenation — -owing to the depressed condition 
of the adrenal center — but also depression of the general vaso- 
motor center and recession of blood from the peripliery to the 
great central mesenteric channels.* 

Senator and Mtlller^ observed in the fasting subjeets, Cotti and 
Breithaupt, tliat in the former the niinilier of retl corpuscles was in- 
creased 1,000,000 after ten days* fast, while tht? leucocytes decreased 
from 12,000 to 4200. Referring to this .and other experiments, Lazarus* 
says in this connection, ‘‘from exact experiments on man and animals, 
therefore, the conclusion can be drawn that sudden absolute withdrawal 
of nourishment is not capable of producing an amcmia.” in the course 
of his remarks on the influence of insullieient food, he also states: 
“Sahli first, after him La*ache, Oppeiiheimer and others, demonstrated 
that individuals with very pale skin and mucous membranes frequently 
showed a normal percental of hiemoglobin and a normal number of 
corpuscles.” 

In the toxic anaemias, i.e., those due to various poisons and 
to bacterial toxins, the vasomotor center is likewise depressed.* 
To this category belong the anaemias observed (1) in workers in 
lead and arsenic, (2) in chronic alcoholism and the excessive 
use of tobacco, (3) syphilis, malaria, malignant tumors, diph- 
theria, tuberculosis and helminthiasis. 

In this group of anaemias, however, another morbid factor 
asserts itself, namely, deficient functional activity of the adrenal 
center, which entails a corresponding deficiency of adrenoxidase 
in the blood.* Adrenoxidase being fibrin ferment,* the coagula- 
tion period of the blood is lengthened. The diminution of adren- 
oxidase causing the quantity formed to be utilized by the blood 
itself and the tissues with unusual rapidity,* the red corpuscles, 
its carriers,* become more or less reduced in size (poikiloey- 
tosis) because they are inordinately depleted. As adrenoxidase 
is likewise the albuminous constituent of the hemoglobin mole- 
cule,* the hemoglobin is reduced (oligochromaunia), but less so 
usually than the red corpuscles themselves; since the adrenoxi- 
dase is continually being reformed through the adrenals,* while 
the red cells are diminished pathologically. The reduction of 

• Author*a concluttion. 

Senator and MQllcr: Ibid., Bd. cxxxl, Supp., 1S93. 

B Lazarus: Nothnagcl’s “TCnryclo. of Pract. Med.," vol. on Dls. of Blood, 
p. 191, 1905. 
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the red corpuscles (oligocythaemia) is a normal result of the 
deficiency of adrenoxidase — the bone-marrow being inadequately 
nourished,* the genesis of the cells is correspondingly inhibited. 
The same morbid influence naturally impairs leucocy togenesis ;* 
if, therefore, the blood is examined between the postprandial 
periods of leucocytosis,* the relative percentage of leucocytes 
is found reduced. When this is marked, the postprandial leuco- 
cytosis is also unusually low Jind less Tood, including blood-salts, 
being taken up from the alimentary canal,* the alkalescence of 
the blood is deficient. This is shown by the increase of the 
blood-platelets,* a concomitant phenomenon. 

The familiar paralytic phenomena of chronic lead-poisoning clearly 
point to the impairment of nutrition caused by lead, a function gov- 
erned, we have seen, by the vascular and adrenal systems. As to arsenic, 
ample evidence has been submitted showing that it is the physiological 
antagonist of thyroidase which upholds the functional ctticien(?y of the 
adrenal center. As to its influence on the vasomotor center, H. (". Wood® 
states that “arsenic greatly lessens the rate and force of the pulse-beat 
and markedly lowers the blood- pn?ssu re.” Chronic mercurial poisoning 
provokes symptoms similar to those of lead, but as we will see, the 
anaemia here is due to luetnolysis. 

As to the rflle of the vasomotor and adrenal systems in the ame- 
mias due to various toxins, Grawitz'® has shown that extracts of ma- 
lignant growths do not, when injected into the blood, alTect the red 
corpuscles or the haemoglobin directly, thus proving that the anaemia is 
due to some indirect influence. The identity of the organ upon which 
this influence is produced is well shown by the observation of Loeb and 
Smith,” that the cephalic portion of ankylostoma contains a substanca 
w'hich inhibits coagulation. As adrenoxidase is the fibrin-ferment, the 
depressing action of the toxic substance on the adrenal center is self- 
evident. In the light of this fact and others previously submitted, the 
se(pience of events recit('d above assumes a normal aspect. 

The anaemias due lo haemorrhage following injuries, or from 
the lungs, stomach, intestines, uterus, kidneys, and ruptured 
aneurism, lesions of intestines due to parasites, violent cpistaxis, 
or occurring in the course of purpura, scurvy, etc., are marked in 
proportion as the blood lost during a given time is great. The 
anaemia is rapidly developed, the face being blanched if the 
loss is great. This is promptly followed by great muscular 
weakness, weak and rapid pulse, cold sweats, coolness, espe- 
cially of the extremities, dyspneea, vertigo, fainting, weakness 
of the voice, tinnitus, hallucinations of smell, flashes of light 


• Author* 8 conclusion. 

® H. C. Wood: “Therapoutlcs.** etc., eleventh edition, p. 447, 1900. 

Grawitz: Vlrqhow'g Archlv, Bd. Ixxvl, S. 353. 1879. 
u Loeb and Smith: Proceedings Pathol. Soc. of Phila., vol. xxv, p. 173, 1904. 
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and finally syncope, during which there may be delirium and 
convulsions, and finally, death. If, however, the haemoiThage 
cease spontaneously, or be arrested before one-half of the blood 
in the body has been lost, recovery may ensue, the patient 
remaining extremely weak for some time. In leas severe cases, 
two or three weeks sufiice to complete the I'ccovcry, (‘specially 
in women. 

After moderate haemorrhages the liquid portion of the 
blood is replaced at the expense of the lymph in the tissues. As 
this liquid is s(‘rum, the cellular elements are alone reduced, 
the red cells numbering as low as 2,()()0.()00 in these cases and 
below 1,000,000 after severe haemorrhages, though the leuco- 
cytes, which are pr<Kluced with great relative rapidity,* may 
be somewhat increased. Water being simultaneously absorlied 
from the alimentary canal in the more severe cases, the increase 
of both fluids in the blood is more rapid than that of the cells 
and htTmoglol)in ; as the ease progresses, thereforci, examina- 
tion of the bl<M)d may suggest an unfavorable course, i.e,, that 
the cells and luemoglobin are st(‘adily reduced. This phenome- 
non is but a temporary one, however; after a few days the tide 
turns and uninterrupted recovery * follows. This is mainly 
because the adrenals, of all organs, seem alone to (‘ontinue their 
important functions uninterruptedly.* Proof of this is af- 
forded by the facets that the blood becomes nuudi more coagulable 
immediately aft(‘r bleeding and that the blood-platelets are also 
greatly in(*reased. Both the blood-platelets and the tibrin fer- 
memt being adrenoxidasc, the manner in which the coagulability 
is increased is obvious.* The relative paucity of red corpuscles 
caus(‘s some, at h^ast, of these cells to absorb an unusual propor- 
tion of adrenoxidasc and they appear swollen.* In most cases, 
however, their size is somewhat reduced ; thc'y are paler than 
usual, and many of them arc nucleated. 

The Iciicocytoais that attends the digestive process, inflammatory 
processes, etc., indicates that a great relative gcMiesis of these cells can 
occur physiologically as implied above. I'he increase of coagulability is 
referred to by Ehrlich and Lazarus^ as an “important alteration which 
takes place immediately after the hffiniorrhage, and is sometimes active 
in checking it. According to E. Freund’s investigations,” add these 
authors, “the time of coagulation may be hastened from nine to three 
minutes by haemorrhage.” Under haemophilia we will see that this is 

• Author'8 conrlmlon. 

” Ehrlich and Lazarus: Loc. cit., p. 163, 190S. 
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precisely what occurs when thyroid extract is given, .and that the in- 
crease of coagulability is due to an increase of fibrin-ferment, i.e., of 
oxidase, in the blood. The fact that the fibrin ferment (adrenoxidase) 
and the blood-platelets are identical substances, is further sustained by 
the additional statement of Ehrlich and Lazarus that, as observed by 
Hayem, “the blood-platelets are markedly^ increased in post-hsemor- 
rhagic aneemia” — concurrently, therefore, with the increased coagulating 
properties of the blood. 

Another important cause of ampmia, especially among the 
poor, is the use of food deficient in iron', as the only nutriment, 
i.e., milk, bread, rice, potatoes, etc. The haemoglobin percentage 
not only fluctuates according to the quantity of iron in the food, 
because this mietal is the fundamental constituent of haematin 
(the coloring-matter of haemoglobin), but also because it serves 
as binding agent between the haematin and the adrenoxidase 
(the albuminous portion of the haemoglobin molecule) as the 
latter is being formed in the lungs.* Besides this cardinal func- 
tion, iron is an ubiquitous component of the chromatin of 
nuclei, the living portion of the cell.* Hence it is also found in 
nucleo-proteid, the food-product from which the structural 
components of both haemoglobin and chromatin arc derived. 
Food deficient in iron produces anaemia, therefore, by reducing 
the proportion of haemoglobin built up in the body; moreover, 
it inhibits general nutrition by impairing the molecular struc- 
ture of the living substance of the tissue-cell.* This form is 
mainly observed among subjects who are deprived of meat and 
fruit, which contain enough iron to satisfy the needs of the 
organism. 

Verdeil, in 1840, showed that the blood-ashes of dogs fed on 
bread showed considerable less iron than when they were fed on rich 
meat diet. Von HosHn found that a diminution of iron in food and not 
of the albumin altered the composition of the blood, and particularly its 
heemoglobin, an observation (;onfirmed by Hunge, Kunkel and others.^ 
Bunge^* and Hausermann" also showed that very few articles of food 
(egg-albumin, rice, jiearl-barley and wheat flour) contained less iron 
than milk, i.e., 2.3 milligrams to 100 grams, a fact recently confirmed 
by Schrney.” In the case of an adult who lived exclusively on milk, 
observed by Hfiusermann, the number of corpuscles was normal, 'but the 
percentage of hsemoglobin was reduced to 60 per cent. 

That the chromatin (living substance*) of nuclei contains iron 
was shown by Bunge and Macallum” in animals and plants, including 

* Author* a conclusion. 
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those, of course, which are used as foods. But this fact in itself proves 
that our own cliroinatin contains iron, and that f^d deficient in this 
element must impair not only the hscmoglobin-forming process, but also 
the vitality of our tissues — including that of all the nerve-centers — as 
shown by experimental and clinical evidence. 

Treatment. — Iron is used promiscuously in anmmia; but 
the foregoing groups indicate that in the majority of instances, 
its administration will prove futile unless the cause of the 
blood-disorder be eliminated. 

The only exception is the form of anaemia due to food defi- 
cient in iron, in which this metal, coupled with a diet richer in 
this metal than the patient’s usual food, will prove beneficial 
without other remedies. Blaud’s pill, one three times daily for a 
week, then increased by one pill daily until three pills are taken 
after each meal, and the addition of beef, eggs (the yelk of 
which is rich in iron), spinach, asparagus and fruit, especially 
apples, insure recovery, especially if the i)atient is able to spend 
a few weeks at the sea-shore or in the mountains. Unfortu- 
nately, a change of diet of this kind is inaccessible to the major- 
ity of cases, since this form of anaemia occurs mainly among the 
poor. Here, however, spinach, which is twice as rich as beef 
in iron, green cabbage leaves prepared in various ways, and 
which contain as much iron as lean beef, may be added to the 
customary diet. White beans, carrots and wheat-bran arc inex- 
pensive, but contain more iron than potatoes or any of the por- 
ridge cereals. Ferratin, or the dried sulphate of iron, may be 
used advantageously in the rare cases in which Blaud^s pill is 
not well borne. 

The tincture of the chloride of iron so often used is not a good 
remedy. It tends to provoke constipation. The majority of cases in 
which iron proves valueless are instances of erroneous diagnosis, in 
which the amemia is due to activj destruction of the red cells, i.e., 
hsemolysis. Such cases may rapidly grow worse under the influence of 
iron. Barnes recommends a neutral odorless and tasteless solution he 
terms iron vitellin. Murrell,*" in a clinical study of various forms of 
iron, including Blaud’s pill, found that the dried sulphate ^ve the best 
results among the inorf^nic preparations, while iron vitellin, of all the 
organic preparations, not only proved the most active, but also 60 per 
cent, more so as to red corpuscles and 25 per cent, as to hflemoglobin, 
than the best inorganic iron. 

In the toxic ancemias, the first indication, of course, is to 
eliminate the causative poisons, extrinsic or intrinsic, i,e., those 
which are depressing the vasomotor and adreno-thyroid centers.* 


^Author's conclusion, 

» Murrell: Medical Press. July 6. 1904. 
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In workers in lead, potassium iodidCj given in increasing 
doses after meals, and in large quantities of water, is of recog- 
nized value; these salts stimulate powerfully the adreno-thyroid 
center, and secondarily the vasomotor center.* In arsenic 
anaemia, thyroid gland is indicated,* since arsenic and thyroid- 
ase are physiological antagonists, the latter being the normal 
stimulant of the test-organ.* In the anaemia of alcoholism or 
nicotinism, cessation of the use of alcohol and tobacco is suffi- 
cient, since alcoliol robs the blood of its oxygen directly, while 
nicotine is a vasomotor depressant.* In syphilis, the iodides or 
mercury come first in order after thyroid extract,* while in the 
anaemia due to malaria, quinine, as an active stimulant of the 
vasomotor and adrenal systems, is of especial value. 

The relationHhip between arHenic and thyrofd extract Ih baaed on 
the observation of BCulart and Mabille,^^ confirmed by Kwald,“® that the 
untoward phenomena caused by iodothyrin could be reduced and even 
prevented by the simultaneous use of arsenic. 

In the post-hajmopi-hagic form, no remedies are required. 
A copious diet and fresh air soon cause the blood to resume 
its normal condition. The process may be hastened, if neces- 
sary, by means of small doses of thyroid gland, 1 grain (0.06 gm.) 
after each meal. 

PERNICIOUS ANiEMlA. 

Synonyms. — Progressive Pernicious Ancemia; Idiopathic 
Anaemia- 

Definition. — Pernicious anajmia, a disease of the blood 
characterized by extreme pallor and a marked reduction of the 
red corpuscles, is due to the presence in the blood of toxic sub- 
stances which, by overstimulating the test-organ, keep the blood 
sufficiently overladen with auto-antitoxin to produce progressive 
hsemolysis.** 

Symptoms and Pathology. — ^The most prominent symptom 
is extreme pallor, both face and body gradually assuming a 
lemon-yellow tint. The yellowish color usually deepens as the 
case progresses, but it may appear suddenly. In contrast with 
this hue is the blanched appearance of the membranes, the 
mouth, lips and gums. 

* Auihor*B conclusion. 

Author* a definition. 

» Bddart and Mabille: C. r. de la Soc. de blot., 10 aOrie. vol. v, p. 656. 1898. 

*^Ewald: Die Theraple der Oegenwart. Sept., 1899. 



PERNICIOUS ANEMIA. 


1779 


The blood is correspondingly pale and watery. Examina- 
tion reveals a very marked reduction of the red blood corpuscles. 
While normally the proportion is about 5,000,000 to the cubic 
millimeter, it may be reduced in this disease to below 500,000, 
and even to a lower ratio. Quincke reported a case in which 
there were only 143,000 immediately before death. While the 
haemoglobin is also reduced, the ratio of this pigment to the 
blood corpuscles is higher than usual. This is an effort at com- 
pensation, and proves again that the red corpuscles are but 
storage cells for oxyhaimoglobin.* Many of the corpuscles be- 
come greatly enlarged, being then termed megalocytes. Some 
are irregular in shape, ue,, poikilorytca, while others again may 
be smaller than usual: microcytes; but neither of these two 
modifications of shape is pathognomonic. Nucleated red corpus- 
cles arc almost always found, however, the normal-sized nor- 
mobhists, the nucleus of which is markedly stained, and the 
large megaloblasts with pale nuclei. 

The onset of .pernicious anaemia is gradual and insidious. 
Weariness and weakness increase until the patient reaches a 
state of extreme debility, with marked tendency to vertigo and 
fainting. Numbness beginning at the extremities, weakness or 
absence of tendon reflexes, and paralysis are sometimes wit- 
nessed. Dyspnoea on exertion and sighing are also prominent 
features. And yet, no emaciation occurs. 

These phenomena are generally ascribed to a gradual destruction 
of the red corpuscles. This view is sustained and elucidated by the 
functions of the adrenal system. A connection between this disease and 
the adrenals was suggested by Addison in 1855. 

The adrenoxidasc, of which the red corpuscles are the carriers, 
being one of the triad that insures the functional efficiency of all tis- 
sues,* reduction of the number of red corpuscles correspondingly reduces 
the volume of this substance. As the muscles constitute the bulk of the 
body tissues, progressive weakness is the most prominent sign. This 
explains also the parscsthesia, loss of tendon reflex, and paralysis. The 
tendency to fainting is due to a similar condition of the brain cells. The 
dyspnoea and sighing are characteristic signs of inadequate tissue oxy- 
genation. The absence of emaciation is ascribable to the fact that the 
leucocytes, which supply the nutrient granules to the tissues, are not 
destroyed concurrently with the red corpuscles.* 

The cardio-vascular symptoms are very marked. The pulse 
is rapid and large, but soft, and sometimes jerky. The arteries 
and veins may pulsate and throb visibly. A loud venous hum 


* Author* a conclusion. 
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can usually be detected, with the stethoscope, in the vessels of 
the neck. Cardiac murmurs may also be heard. The blood 
coagulates slowly. Ketinal haemorrhage is frequently observed; 
cpistaxis, menorrhagia, purpuric eruptions, and cerebral haem- 
orrhage may occur. CEdema of the ankles, face, and lungs, and 
dropsical effusions may appear at any stage. 

These are all manifestations of two conjoined factors: general 
vascular dilation and the diminution, in the blood, of fibrin ferment, 
t.c., adrenoxidase.* The vascular dilation is due to relaxation of the 
muscular coat of all vessels incident upon lowered oxygenation of the 
vessel walls. As a result, and in accord with Marey’s law, the pulse 
rate is increased. The relaxation of the vascular walls facilitates pene- 
tration of the blood-plasma wherever hypostatic congestion occurs; 
hence the (cdema. The adrenoxidase being the _ fibrin ferment which 
converts fibrinogen into fibrin, the coagulating power of tlie blood is im- 
paired and the hiemophilic state is initiated.* This, added to the watery 
condition of the blood, provokes the hietnorrhagic plienoinena.* 

Gastric and intestinal disorders arc the rule. There is in- 
disposition to cat and disgust for food, rather than true anorexia. 
Indigestion, nausea, vomiting, and diarrhoea arc frequently ob- 
served. The gastric juice is generally deficient in hydrochloric 
acid. 

The activity of all the gastric functions, muscular and secretory, 
is primarily lowered owing to the inadequate supply of adrenoxidase, 
which destruction of the red cells entails. The peristaltic action of the 
walls of the stomach being imperfect, the food undergoes correspond- 
ingly deficient preparatory digestion, a morbid process aggravated by 
the fact that pepsinogen, nucleo-proteid and adrenoxidase, the three 
active factors of gastric juice, are not secreted in sufficient quantities.* 
The deficiency of hydrochloric acid shows that such is the case. The 
concurrent relaxation of the cardiac and pyloric muscular fibers allows 
the imperfectly digested food to penetrate tne intestines, where it meets 
correspondingly impaired muscular and secretory functions. The succus 
entericus is deficient in auto-antitoxin, hence the presence of gastro- 
intestinal disorders.* 

The liver, kidneys and spleen show an increase of iron 
pigment. In the liver it is usually found in great quantities 
in the lobules and the bile capillaries. The urine, on the other 
hand, may be pale, but it often contains urobilin and is dark. 

Both the iron and the urobilin arc products of broken-down red 
corpuscles. The iron which passes to the intestines with the bile is 
usually recovered by the intestinal leucocytes* and utilized in the re- 
construction of hemoglobin. The decrease of red corpuscles limiting the 
use of all the iron, the surplus accumulates in the various or^ns men- 
tioned. Considerable adrenoxidase may also be wasted; this substance 
and urobilin being identical bodies, it darkens the urine when oxidized, 
precisely as it does in the skin when bronzing occurs.* Bronzing is also 
observed sometimes in pernicious ansemia. 


* Aufhor*8 concluHon, 
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Etiology and Pathogenesis. — Repeated parturition is a pre- 
disposing factor in many cases, the disease being seldom encoun- 
tered in primiparae. Prolonged and immoderate lactation also 
appear as precursors in a small proportion of cases. Roth in 
men and women, malaria, syphilis, purulent foci, especially 
pyorrhoea alveolaris; septicajmia, gastric ulcer, etc., are included 
among the causative intoxications. The imperfectly digested 
food-stuffs that remain in the gastro-intcstinal canal, as ex- 
plained under the previous heading, or intestinal disorders pro- 
voked by intestinal parasites, also act as foci for a practically 
continuous auto-intoxication. 

The disease is due to the presence in the blood of any 
poisonous substance generated directly or indirectly through any 
one of these morbid conditions, and to the irritating influence 
of this poison upon the test-organ.* The adreno-thyroid cen- 
ter being overstimulated, a suflicient excess of auto-antitoxin is 
present in the blood* to destroy the red corpuscles more or less 
actively, Le,, to cause hajrnolysis. 

The fact that the blood containH a substance which doatroys the 
red corpuscles in this disease, as shown by Bordet and also Ehrlich, who 
termed it “heeinolysin,” is now generally recognized. The nature of the 
substance, however, has remained obscure. As shown above, the process 
is readily accounted for through excessive functional activity of the 
adrenal system, the auto-antitoxin including also, as T have shown, the 
iodine-laden thyroidase which contributes markedly to the destructive 
process. 

The excessive functional activity of the anterior pituitary, t.e., 
of the test-organ, in this disease, is w^ell shown by the fact that in preg- 
nancy — a fre<|uent cause of the disease — the organ is always overactive, 
being kept so, we have seen, by the excess of toxic wastes which the 
fmtus dontributes to the maternal blood. In 1898 (?ointe*^ examined 
histologically the pituitary of a number of women who had died during 
pregnancy, and found the anterior pituitary hypcrtropbie<l in every 
case. This was confirmed by Lniinois and Mulon.® Douglas Stanley** 
found marked lesions in the adrenals in a case of pernicious amemia. 
The excessive activity of the adrenals, by causing an overproduction 
of adrenoxidase, increases correspondingly the oxidizing power of the 
blood. In the liver, where the temperature is higher than elsewhere, 
the proteolytic activity of the blood is raised beyond the resisting power 
of the red corpuscles, and those cells are destroyed (bffimolysis) * in this 
organ with greater rapidity than in the general blood-stream. Colman,** 
after a study of 22 eases, concluded, in fact, that the disease was essen- 
tially due to a destruction of these cells in the liver. The disease was 
attributed to hromolysis by Quincke, thirty years ago, his opinion being 

• Authar*a conclusion. 

n Comte: Th^se de Lausanne, 1898. 

**LaunolB and Mulon: Ann. de gyndc. et d’obstdt., 2 sfirle, vol. 1, p. 2, 1894. 

^Douglas Stanley: Brit. Med. Jour., Feb. 16, 1895. 

** Colman: Edinburgh Med. Jour., Mar. and Apr., 1901. 
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based on the marked accumulation of iron in the liver. This view has 
been accepted by most observers, and is now the prevailing one, as 
already stated. 

Treatment. — In true pernicious anmmia, iron is obviously 
useless, since it merely adds to that already accumulated in large 
quantities in the liver and other organs. 

Arsenic — which acts by depressing the excessive activity 
of the test-organ, Le,, the adrenal system, reducing thereby the 
proportion of the auto-antitoxin to which the haemolysis is due 
— ^has proven of real value, but only when given in compara- 
tively large doses. Beginning with 5 minims of Fowler’s solu- 
tion, the dose should be increased at the rate of 1 minim (0.06 
gm.) each day, until 30 minims (2 gms.) are administered 
three times a day. It should be persisted in for months, with 
intermissions of a few days, but only if necessary; and in all 
cases its use should go hand in hand with repeated examina- 
tions of the blood. The recovery, as previously stated, is -often 
ephemeral. The case should be closely watched at least two 
years after disappearance of the morbid symptoms, and the use 
of the remedy resumed as soon as any indication of recurrence, 
as shown by blood count at intervals, appears. Sodium caco- 
dylate is suitable for hypodermic use, V 2 grain (0.033 gm.) 
being injected three times daily. 

The beneficial action of arsenic is readily accounted for when its 
depressing influence on the adrenal system is taken into account, as 
above.* B(^dart and Mabille^" found that arsenic counteracted all the 
morbid effects of thyroid medication, a fact confirmed by EwakP and 
others. In pernicious anaemia, therefore, it diminishes the production 
of auto-antitoxin and thus arrests the hecmolytic process.* 

Antiseptics have been advocated to counteract the auto- 
intoxication engendered by the putrefactive contents of the 
gastro-intestinal canal. Salol, 10 to 15 grains (0.6 to 1 gm.), 
in capsules, three times a day, or betanaphthol, 2 grains (0.13 
gm.), in pills, twice or thrice daily, have each given satisfac- 
tory results occasionally, particularly in cases in which arsenic 
could not be used, or had to be discontinued. Lavage of the 
stomach and enemata of normal saline solution have also been 
used, mainly to remove accumulations of undigested food-stuffs. 
They do more, however; the saline solution being partly ab- 

^ Author* B concluBion. 

» B6dart and Mabllle: Loc. cit, 

MBwald: Loc, dU 
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sorbed, the osmotic properties of the blood, which are impaired 
by the continuous overactivity of the adrenal system, are im- 
proved.* Enemata plus subcutaneous injections of saline solu- 
tion and arsenic are very efficient. 

Finely powdered bismuth subnitrate, in 10-grain (0.6 gm.) 
doses, twenty minutes before meals, is a far better antiseptic 
than either of the above.* It is slowly absorbed, and counter- 
acts gastro-intestinal irritation. If an impure salt happens to 
be taken, the contaminating agent is arsenic — which cannot but 
enhance its beneficial effects. 

Salol on reaching the alkaline intestinal juice splits into salicylic 
acid and carbolic acid. The latter anaesthetizes the* gastro-intestinal 
mucous membrane, but, with the salicylic acid, disinfects putrefactive 
contents. Bcta-naphthol also dulls the sensibility of the canal, retards 
digestion, acting similarly in vitro; and is likewise a disinfectant. 
Hence both remedies may aggravate the gastro-intestinal disorder, but 
their antiseptic properties prove beneficial when the intestinal contents 
happen to l>e very toxic.* 

As to the use of saline solution, Alex. MePhedran” relates the case 
of a man, aged 55 years, in whom the blood-count showed 480,000 per 
cubic millimeter; haemoglobin, 20 per cent. There was delirium, vom- 
iting and diarrhoea. Treatment by subcutaneous injections of normal 
saline solution on every alternate day, and the intervening of saline 
enemata, with arsenic internally. The patient, at the time of the re- 
port, was practically well. 

Various other sources of intoxieation must bo antagonized. 
The presence of pyorrhoea alveolaris, considered by Hunter as a 
prominent source of auto-intoxication, imposes the use of anti- 
septic mouth washes and dentifrices. Useful for this purpose, 
after cleansing the teeth, is the following preparation : — 

FI. ext. of hamamelis 3ij (8 gm.). 

Alcohol, 

Rose water, of each 5^!^ (IS 

Apply to the gums with a cotton wad after carefully cleansing the 
teeth following each meal. 

Some clinicians emphasize the need of rest in an armchair 
or in bed, relapses having been known to follow fatigue, i.e., 
muscular exertion. A light nutritious diet is also recommended. 

A milh diet is a valuable measure in this connection. 
Practically no waste-products being formed by this food, the 
adrenal system, subdued directly by the arsenic and indirectly 
by the bismuth and the oral hygiene, soon loses its overactivity, 

* Author* s eonclmion. 

” Alex. MePhedran: Canadian Pract., Nov., 1897. 
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and ceases to produce the excess of adrenoxidase to which the 
destruction of red corpuscles is due. 

G. L. Gulland^ laprs special stress on diet in the treatment of 
pernicious ansmia. This should be arranged with care to suit each 
case, but the broad principles are that, as long as the blood-count is low, 
it should consist entirely of milk and farinaceous food; no meat of any 
kind should be permitted. Of course, this chan^ of diet partly meets 
the second indication, the diminution of bacterial processes in the in- 
testine. It is not uncommon to find that patients when they are first 
seen have large quantities of indican and similar substances in the 
urine, and that after a week or two on a farinaceous diet these prac- 
tically disappear. 

Muscular exertion entails the production of wastes which must 
be converted in the blood into eliminable end-products. This means 
overactivity of the adrenal system and, therefore, increased destruction 
of red corpuscles.* The same untoward effect is provoked when meats 
are allowed. Their conversion into assimilable granules is imperfectly 
performed and toxic wastes also unduly excite the adrenal system, thus 
aggravating the morbid process.* 

CIILOROSrS. 

Synonyms. — Green Sickness; Ch loranwmia; ChlorcBmia; 
Morbus Virgineus. 

Definition. — Chlorosis, a form of anaemia characterized by 
a yellowish or greenish tinge of the skin, and occurring usually 
in young girls, is due to the presence of three concurrent mor- 
bid factors: (1) depressed functional activity of the adrenal 
system; (2) inadequate assimilation of the iron from food- 
stuffs; and (3) marked diminution of the iron-laden haeinatin 
which holds the adrenoxidase in the red corpuscles pending its 
distribution to the tissues.** 

Symptomatology and Pathology. — The most striking symp- 
tom of this disease is a yellowish-green hue of the skin, lips, (;on- 
junctiva and all mucous membranes, coinciding with an absence 
of emaciation. In a small proportion of cases, however, the 
blood-changes observed in chlorosis appear irrespective of these 
objective phenomena, the face being normal as to color and 
the cheeks rosy. The patient may, in fact, show some tendency 
to adiposis. Even in these instances, however, as in the typical 
cases, there is marked weakness, lassitude and indisposition to 
exertion. The appetite is either greatly reduced, or capricious, 
the patient longing for pickles, vinegar, etc., and ingesting such 

* Author^ » conclusUm. 

•• Author's definition. 
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CHLOROSIS. 


iiss 

articles as chalk, slate pencils, soil, etc. EnterdptoSis, gastrop-* 
tosis, hyperchlorhydria, gastrodynia (due in some cases to gas- 
tric nicer), and movable kidneys are commonly observed. 
Constipation is almost the rule. Dyspnoea, palpitations, some- 
times accompanied with some irregularity in the heart’s action, 
though the pulse be large and soft, are frequently noted, along 
with purely functional cardiac murmurs, usually located at the 
base, and sometimes at the apex, when the heart is markedly 
dilated. The murmurs may often be traced up along the vessels 
of the neck. Along the course of the jugular vein, especially on 
the light side, a peculiar venous hum, the “bruit du diable,” is 
also discernible in over one-half of the cases. Neuralgia, vertigo, 
fainting, moroseness, and hysterical phenomena are not uncom- 
mon, especially in young girls, who constitute the great major- 
ity of cases. The eyes are unusually brilliant, as in some febrile 
disorders, and the sclerotic appears bluish. Tn fact, fever is 
not infrequently observed in these cases. The menstrual flow 
is usually scanty and sometimes suppressed, but in a large pro- 
portion of cases, there is metrorrhagia or dysmenorrheea. The 
urine is of low specific gravity and deficient in urea, and is gen- 
erally very pale, ffldema of the face and ankles occurs in ad- 
vanced cases. Tn a small proportion of cases there is a tendency 
to thrombosis, especially of the veins of the legs, which exposes 
the patient to a dangerous complication: pulmonary throm- 
bosis. The cerebral sinuses may also bo affected. 

Bireh-Hirschftild” and Kockel,*® according to Lazarus" “believe 
tliat chlorotic blood has a greater tendency to coagulate, and they asso- 
ciate this with the increased number of blood-platelets.” Indeed, we 
have seen that adrenoxidase is the fibrin ferment, and that the platelets 
are but droplets of. the former. Stengel"® refers to Ijcich ten stern’s” 
study of 1658 cases of chlorosis in which thrombosis positively occurred 
only 11 times, and “probably in a mild form in a few other instances.” 
Thrombosis is evidently a rare complication. 

In typical cases of chlorosis, the red corpuscles are not 
diminished to any material degree, the salient feature being a 
reduction of the hopmoglobiii. So decided is this in most cases, 
that the blood and the corpuscles themselves appear quite pale. 

»Blrch-HlrBchfGld: Congr. f. Innere Med., Bd. xl, S. 28. 1892. 

MKockel: Deut. Archlv f. kiln. Med., Bd. Ill, S. 567, 1894. 

" Lazarus: Nothnagel’s “Encyclo. of Pract. Med.,” vol. on Dls. of the 
Blood, p. 402, 1905. 

Stengel: Jhid. 

” Lelehtenstern : MUnch. med. Woch., Bd. xlvl, S. 1603, 1899. 
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The percentage of corpuscles per cubic millimeter may exceed 80 
per cent, of the normal, while that of the liajmoglobin may be 40 
or lower. Properly speaking, however, what is absent is not 
haemoglobin-proper, but that portion of it which remains in the 
red corpuscles, i.e., haimatin,* the true blood-pigment. Its albu- 
minous portion, adrenoxidase, is not only present in a free state 
in the plasma,* but in rare instances it occurs in excess in the 
latter, as shown by the blood^s increased coagulability — adren- 
oxidase being the fibrin ferment.* The paucity of haematin in 
the corpuscles renders them incapable of holding the albumin- 
ous portion of hcTmoglobin,* they api)ear not only paler than 
normal, as stated, but smaller. Conversely, some may, here 
and there, Jippear enlarged, their undivided content in haematin 
being in that case sufficient to anchor an unusual quantity of 
adrenoxidase, owing to the abnormal quantity available in the 
plasma.* Small nucleated red corpuscles (normoblasts), which 
are derived from the bone-marrow, are also found in the blood, 
especially when an active regenerative process is going on. This 
proves futile, however, if haematin, the link between the red 
corpuscles and the albuminous haemoglobin, be deficient.* The 
white corpuscles appear normal in all resiiects. 

The marked diminution of Inemoglobin as compared to that of 
red corpuscles was first observed by Duncan nearly forty years ago, 
and the diagnostic importance has been sustained by tlie researches of 
Hayem, Sfirensen, Stockman,** Grilber*® and others. Tn 63 consecutive 
cases examined by Thayer in Osier’s clinic,*" the average? of red corpus- 
cles was 4,096, .544, or over 80 {)er cent., while the average' percentage 
of hsemoglobin was 42.3 per cent. The variations in size of the red 
corpuscles have remained unexplained; this is readily accounted for by 
the fact that the albuminous T)ortion of the Inemoglobin has never been 
taken into account. As to tne nucleated cells, Lazarus refers to the 
investigations of Neumann, Hizzozero and Ehrlich as having shown be- 
yond a doubt, that they are “the evidence of active regenerative proc- 
esses in the blood-forming organs (bone-marrow).” 

Etiology and Pathogenesis. — Although the chromatin of 
meat, vegetables, fruit, etc., is the mother-substance of haematin, 
the proportion of metallic iron absorbed daily from these food- 
stuffs is at best very limited, namely, from 6 to 10 milligrams 
('/lo '/e Moreover, this intake cannot he considered as an 

asset, since it varies hut little, if at all, from the output by the 

• Author* 9 (mclunim. 

** Stockman: Brit. Med. Jour., Dec. 14, 1896. 
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urine and faeces. This indicates that tlic body absorbs from the 
alimentary proteids only just enough iron in replace the quantity 
normally utilized in the blood and tissues, and that in ease of 
need, it draws upon its reserves in the liver, spleen, bone-mar- 
row, etc.* 

We have seen in the article on iron that Hiinge ami Maicalluin 
had shown that the clironiatin of the various protidds, animal and 
vegetable, was the inother-subsiancc of lupmoglobin. As to the inges- 
tion of iron, StfMikrnan” found that “the (piantity of metallic iron in 
ordinary dietiiries seldom exceeded 10 milligrams ('/« {?!*•) P^r day, and” 
that it “might be as low as 0 milligrams (Vio gr.) in people of or<li- 
nary appetite and digestion.” In a subsequent article, Stockman and 
(3reig“ demonstrated that “the iron nietalK)lism is extremely small so 
far as intake and output is concerned.” In one obser vation they “almost 
exactly coincided;” in others the output oven exceeded the intake. 

'fhat conversely, iron may be lost or eliminated by way of the 
intestine, is sustained by considerable evidence. As far back as 1852 
Bidder and Schmidt®* ascertained that from six to eight times more iron 
was eliminated with the fieecs, even during fasting, than with the urine. 
Clottlicb,*" after feeding puppies on iron-frc(» food, injected iron sub- 
cutaneously an<l found nearly 1)7 per cent, in the fflcccs. That this is by 
no means all excreted by way of the liver and with the bile, is proven 
by the experiments of >lathan,^’ which showed that the greater part of 
tile iron excreted was carried to the large intestine by leucocytes. Hoch- 
haus and Quincke^- hold that the accumulation of iron in the submucous 
tissue of the large inti^stine is connected with its excretion, and that 
this is probably elTected by the extrusion of iron-laden leucocytes. The 
opportunities for an output even in excess of the intake arc evident. 

Tn tlic great majority of cases of chlorosis, the disease is 
due to three morbid factors acting concurrently: (1) a defi- 
ciency of iron in the patient’s regular di(it, ( 2 ) depressed func- 
tional activity of the adrenal center,* and (rl) its results,* im- 
perfect digestion and assimilation. 

As to the first cause, chlorosis is most common among ill- 
fed working girls or ^Weat-shop” hands, whose diet seldom 
includes meat, fruit, and other foods rich in iron. Among the 
well-fed classes, clilorolics are likewise seen, but here the tastes 
are catered to, and the diet consists mainly of desserts, especially 
sweets, cakes, candy, icc-cix»am, milk, etc., all of which arc 
extremely poor in, or devoid of, iron. 


• Author's conclusion. 
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Still, a multitude of girls, under identical conditions, do 
•not suffer from chlorosis; a predisposing cause must prevail, 
therefore, in addition to these conditions. This is represented 
by the second cause mentioned. The age at which chlorosis 
most usually occurs, between 15 and 20 years, coincides with the 
period of greatest development, and when the adrenal system, 
therefore, is under the greatest stress.* If, as is often the case 
with the genitalia, the pelvis and the breasts in these cases, the 
organs forming the adrenal system are inadequately developed, 
they fail to meet the needs of the organism, and the vital process 
in all tisvsues is deficient.* Hence the muscular relaxation — ■ 
the cause, in turn, of the weakness and lassitude, of the gastrop- 
tosis and enteroptosis, of the cardiac and vascular dilation, of 
the large and soft pulse, of constipation, of all menstrual dis- 
orders, etc., briefly, of all disorders in organs supplied with 
muscular elements. Hence, also, the many other morbid phe- 
nomena which general vascular relaxation entails, viz., accu- 
mulation of blood in great mesenteric channels, and recession 
of blood from the brain, lungs and skin, which, in turn, give 
rise to the familiar vertigo and tendency to fainting, dyspnoea, 
coldness of the surface and extremities, and pallor.* Finally, 
the haainatopoietic organs themselves are the seat of inadequate 
metabolism, as shown by the average reduoition of about 20 per 
cent, of red corpuscles, a proportion which is sometimes 
greatly exceeded. 

The third cause is a nonnal consequence of the second. 
The dilation of the stomach and intestines, the constipation, 
and the many symptoms appertaining thereto, clearly point 
to imperfect digestion, a condition which in itself diminishes 
the likelihood that the small proportion of iron absorbed daily 
from the alimentary canal under normal conditions will be 
reduced. The intake being diminished, the reserves in the liver, 
spleen, etc., are drawn upon and the time finally comes when 
they are exhausted. This marks the onset of the disease, i.e., 
the time when the red corpuscles, failing in their supply of 
hsematin, gradually lose their hold upon what proportion of 
albuminous haemoglobin, or adrehoxidase, the adrenal system is 
able to produce.* 


* Author'a conclusion. 
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A diet deficient in iron thus becomes more of an aggravat- 
ing factor than a primary cause of chlorosis; but wc must not 
forget that in many instances the deprivation of wholesome 
food has existed from infancy, and that this in itself has tended 
to inhibit the development of the adrenal system, to prepare the 
soil, in other words, for chlorosis.* 

All this applies as well to other causes of chlorosis. The 
great majority of cases occur in delicate, blond {i.e., hair devoid 
of iron), illy-developed girls, and sometimes boys; while its 
causes arc all of a debilitating kind, squalor, overwork, pro- 
longed lactation, exhausting drains, profuse menstruation, 
masturbation, grief, nostalgia, etc., all of which tend to depress 
the functional efficiency of the adrenal center, directly or indi- 
rectly. This is the underlying cause of chlorosis, but only when 
tlie intake of iron from the blood fails to compensate for the 
output.* 

The presence of adrenoxidase in unusual quantities in the plasma 
previously referred to, does not mean that an excess of this body is 
produced; it only signifies that what proportion is unnbsorbed by the 
red corpuscles as the albuminous moiety of hflcmoglobin circulates in a 
free state in the blood-stream. 'Hie activity of the adrenal center may, 
therefore, be far below normal and adrenoxidase still occur in the 
plasma. 

Treatment. — To administer iron to such cases without in- 
creasing the functional activity of the adrenal system is not 
judicious, since it tends to increase constipation, while being 
wasted through the alimentary canal. The first feature whicli 
requires attention is the state of the blood. Wc have seen that 
it has a marked tendency to coagulate, and that this has been 
ascribed to blood-platelets. As this points to a deficiency of 
blood-salts,* the use of normal saline solution is indicated. The 
best method in these cases is to give it in the form of a large, 
hot (110° F. — 4d.3° C.) enema every other night, and, if the 
case be severe, to administer it in small quantities either endo- 
venously or hypodermically, three days in succession, then every 
other day. The only other indication at this time is the diet 
recommended for ana?mia, which includes foods rich in iron and 
alkaline salts. 

At the end of a week, the blood will have regained, at least 
to a certain extent, its normal osmotic properties, and, the vege- 


^ Author* B concluBim. 
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tables aiding, its normal alkalescence. The thyroid gland, in 
small doses, 2 grains (0.13 gm.) during meals, should then 
be begun, to enhance, through the adrenal system, metabolism 
in all its tissues, including the muscles of the heart and vessels.* 
The tone of the latter being improved, the distribution is equal- 
ized, and the adreiioxidase-laden plasma, instead of circulating 
in the larger, deeper vessels, where it is of but little use to the 
vital process of the organism at large, will now increasingly flow 
through the capillaries of all organs. As this applies also to 
the muscles of the stomach and intestine, the gastroptosis and 
the constipation will also be corrected. The resumption by the 
vessels of their normal caliber will have another all-important 
effect in this connection: it will correct the main factor in the 
loss of iron ingested, viz., abnormal intrahepatic vasodilation 
and failure of Ike iron-laden lcucvcnf.es to circulate through the 
capillaries of the hepatic cells. The iron, which, under these 
conditions, was imperfectly prepared for absorption, will then 
simply be excreted with the fjeces — along with other food-prod- 
ucts for the formation of lurmatin. After two weeks of thy- 
roid gland, this stage will have been reached, and iron, prefer- 
ably Blaud’s pills, will now prove beneficial, since the stomach, 
liver and intestines will have been rendered able to prepare it for 
its assimilation by the red corpuscles, which, und(?r the influence 
of the tliyroid gland, will also have app(;ared in greater num- 
ber in the blood.* Adrenal gland in 2-grain (0.07 gm.) doses 
hastens recovery by supplying the oxidizing constituent of the 
hamioglobin. 

Othora have observed the beneficial efTects of thyroid ii^land. 
Battey Sliaw*® writes: “Ca[)itan and Caiuus describe the favorable r(*siilts 
of thyroid treatment in cases of severe chlorosis. Treatment by iron 
was found to be more successful when combined with thyroid treat- 
ment.” 

Other agents which have proven beneficial are the iodides. 
But even the iodides tend to increase the gastric disturbance in 
these cases. The syrup of the iodide of iron is sometimes borne 
without trouble, in 10- or 15-drop doses in a half tumblerful of 
water. Slrychnine, in full doses, with inhalations of oxygen, is 
very efficient in mild cases. All arc adrenal stimulants. The 
seashore hastens recovery in such cases. 

• A uthor*s ronrluainn. 
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HiEMOPHII^. 

Synonyms. — Bleeder's Disease; Sporadic HcBmophilia, 

Definition. — A tendency to serious and sometimes uncon- 
trollable haemorrhage, due to a deficiency of fibrin ferment 
(adrenoxidase) in the blood and a corresponding diminution of 
the coagulability of the latter.* 

Symptoms and Pathology. — The abnormal tendency to 
bleed is usually discovered through occurrences to which, as a 
rule, little importance is attached : nose-bleed, the extraction 
of a tooth, the application of a leech, a slight cut, vaccination, 
religious circumcision, etc. It may occur as the unsuspected 
source of metrorrhagia, or as the so-called “renal” haemophilia, 
the urine being bloody. The skin is frequently the seat of 
haemophilia; vesicles are formed cither during apparent health 
or during eruptive diseases, scarlatina, varicella, etc., or more 
or less. extensive extravasations appear under the skin, owing to 
capillary oozing, either as the result of a pinch, a blow, etc., or 
without provocation. The haemorrhages may be internal ; haemo- 
philia may thus act as the underlying cause of cerebral haemor- 
rhage. Reddish striae of minute dilated vessels are sometimes 
witnessed in these cases. 

The pathological anatomy of the disease affords but little informa- 
tion. The walls of the blood-vessels are said to be “thin^’ or “fatty,” but 
Naiicrede** says that this siip|)osed thinness has only been witnessed once 
histologically. As to their being fatty, we have seen that “fatty degen- 
eration” so-called is due to post-mortem changes. Abderhalden^" recently 
ascribed hemophilia to localized changes in the development and struct- 
ure of the venules and arterioles of the regions involved, but, as shown 
below, vascular changes are of secondary importance in that they only 
tend to predispose these regions to act as outlets for the blood. In a 
case noted by Chaiiffard/" for instance, the recurrent haemorrhages were 
always from the same areas. 

Affections of the joints are very important in this connec- 
tion, as many haemophilics have lost their lives through surgical 
intervention. A joint in such subjects may suddenly and with- 
out appreciable injury become filled with blood, swell, become 
painful, etc., and slowly recover. This may recur repeatedly, 
but ultimately be attended by alterations of the synovial mem- 
brane and cartilages and finally deformity. It is in these cases 

• Author' n definition. 

^Nancredo: Dennis’s "System of Surgery," 1895-96. 

" Abderhalden : Ziegler’s Dettrilge, Bd. xxxv, S. 213, 1903. 

Chauffard: Le bull. mM.. vol. x. p. 366, 1896. 
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of haemophilic arthritis that a fatal error in diagnosis may be 
made. These cases usually show a pallor of the membranes; 
but the characteristic features are a history of haemophilia, 
ecchymotic patches, and dilated capillaries. Recurrent cpistaxis 
should always awaken suspicion. In tuberculous arthritis — ^the 
diagnosis usually made — the doughy patches of ecchymosis are 
absent, scars are likely to be present; inequality of the femoral 
condyles or of the head of the tibia may at times be discerned. 

Froelich," who lays ntrcHS on thoHo clia^noMtic points, states that 
aspiration of the joint, tenotomy and forcible extension should not be 
attempted in such cases. As shown below, however, even major opera- 
tions may be done after appropriate treatment. Without such, however, 
surgical procedures of any kind, even cauterizations, as shown by Nov6- 
Josserand," are likely to lead to a fatal issue. 

Etiology and Pathogenesis. — Heredity is a marked feature 
of haemophilia, having been traced back in one family through 
nearly three centuries. It is often transmited by women not 
themselves affected (Nassefs so-called law). Another peculiarity 
is the marked fertility of bleeders’ families. Again, a woman 
belonging to a family of bleeders may not herself be a bleeder, 
and may bear offspring who are, especially if her children are 
males. 

Tlie genealogy of a family of bleeders traced back nearly 300 years 
was recorded by Hocssli." A marked example of transmission through 
non-hromophilic women reaching back 200 years and ntfccting only males 
was published by C. Hicks.'" All sulVered from arthritic disorders. 
Steiner” observed a case in a negro, the first on record in this race, and 
traced it back to the great-great-gi*andmothcr. The family was ec- 
tremely fertile, but both males and females were bleeders, though inva- 
riably transmitted through tlie females. Pincus'’-^ states positively that 
hiemophilies should not marry, but this view is subject to modification, 
in view of the facts submitted below. 

Deficiency of the fibrin ferment — ^the adrenoxidase — 
in the blood is the underlying cause of haemophilia. Fibrin 
ferment being a necessary constituent to the formation of fibrin, 
this substance is not formed in adequate quantities and the blood 
cannot coagulate.* 

IlaBmophilic subjects appear normal bccjiusc coagulation re- 
quires an excess of fibrin ferment (adrenoxidase) over and above 

* Author* 8 conclusion. 
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the needs of tissue respiration, and this excess is not available in 
them. As adrenoxidase is the oxygen-laden adrenal secretion, 
the primary cause, therefore, is a delicieiicy of adrenal secre- 
tion.* 

I have shown that fibrin contains adrenoxidase and that it is 
identical with fibrin-ferment. That tlie adrenals are the source of 
this substance, and that a deficiency of their secretion is the primary 
cause of hemophilia, is illustrated hj the fact that stimulation of the 
adrenal center by its normal stimulant, i.c., thyroid extract, counteracts 
the huemophilia. This is emphasized by several cases given in outline 
under Treatment. In the first series, thyroid exti-act was employed 
empirically; in the second, Dr. W. J. Taylor's cases, I had recom- 
mended its use with the view of increasing the fibrin-ferment. Dr. 
Taylor carefully noted the blood's coagulability and found that it in- 
creased from day to day under the inllucnce of the thyroid extract. 
Direct proof is afforded by the fact that adrenalin likewise arrests the 
bleeding in these cases; hero it does simply what, as I have shown, it 
does in the lungs. 

Treatment. — ^Wc have in thyroid fjland not only a prophy- 
lactic, but also a curative agent, since it stimulates powerfully 
the pituitary body and raises its functional activity when its use 
is prolonged. Three grains (0.2 gin.) three times daily, t.c., 
after each meal, suffice for this purpose. This causes gradual 
increase in the coagulating power of the blood, thus rendering 
even serious operations safe when the coagulating time has been 
reduced to the minimum normal, i.e., three minutes. 

The cases in which thyroid extract has been used successfully are 
already quite numerous. Delacc®’’ promptly stopped a menorrhagia which 
had lasted fourteen days in a hmmophilic; alveolar and subcutaneous 
heemorrhagos were also present. Instances in which unmistakable cases 
were successfully treated have been reported by (yombemale,'^^ C. R. .lories, 
SchefTler,“ K. Fuller®' and others. The remedy was administered empiri- 
cally in these cases, as previously stated. Not so with three cases re- 
ported by William .1. Taylor, “ however. Haviiur in mind my view that 
it w^as by increasing the coagulating power of the blood that thyroid 
extract prevented hromorrhage, he tested the blood's coagulating time: 
in a profuse bleeder requiring an operation it was reduced from 11% 
minutes to 2 minutes and (1 seconds, and nephropexy was successfully 
performed, the wound being “remarkably dry." Thyroid gland was 
also given by him in a case of osteomyelitis attendi^d with constant 
bleeding, and caused the latter to cease in one week. In a third case, it 
rendered possible the extraction of a tooth in a hocmophilic, no h®mor- 
rhage occurring, though the gums were badly lacerated. 


• Author's conrluslm. 
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Calcium chloride has likewise given good results, owing to 
the well-known influence on coagulation, but its effect is only tem- 
porary. It is given in 10-grain (0.0 gni.) doses, three times daily. 
If given to prevent bleeding during a minor operation (it allows 
of no other than trifling ones, extraction of teeth, opening of 
small abscesses, etc.), the coagulation time should be taken, and 
if this docs not roach below five minutes, thyroid extract should 
be given in addition. Digitalin in full therapeutic, doses is also 
useful. 

Sympson,®® Walhioo,®® Parry*^ and others have obtained good results 
with calcium chloride in hflcniophilia. Ballantyne®-^ used it successfully as 
an antenatal remedy, i.e., to prevent hiemophilia in the third child of a 
woman whose two first children were bleeders. I used tincture of digi- 
talis and obtained a prom})t recovery in the case of a boy whom recur- 
rent htemorrhages had almost exsanguinated. 

The most valuable local hajniostatic is adrenal chloride (1 
to 1000 solution), gauze saturated with it being applied directly 
to the wound. A thick layer of the powdered extract also arrests 
the bleeding promptly. The ordinary styptics, perchloride of 
iron, ergot, etc., have been used, but seldom with success in 
serious cases. Fre^sh entire blood may be transfused, a small 
quantity being sometimes sufficient to arrest a profuse flow. 

Adrenalin has been used successfully in the above manner by W. 
Milligaii,’“‘ E. Francis,'^ and the extract by W. T. Thomas"* and others. 
The U.SC of entire blood was recommended by Hayem,"" who thought that 
his “hffiinotoblasts” caused the formation of a clot. I have shown” that 
the.se hiematoblasts or blood-platelets are droplets of adrenoxidase, i,e,, 
of fibrin-ferment. 

“•Sympson; Lancet. May 13, 1899. 

Wallace; Brit. Med. Jour., May 10, 1902. 

Parry: Lancet, Feb. 21, 1903. 

"3 Hallantync: Jour. Amor. Med. Ahsoc., Aug. 24, 1901. 
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CHAPT.EB XXXII. 


THE INTERNAL SECRETIONS IN THEIR RELATIONS 
TO PATHO(3ENESIS AND THERA- 
PEUTICS (Conlmued). 

THE ADRENATi SYSTEM IN INFECTIONS OF THE LYMPHATIC 

SYSTEM. 

Wo have already soon that in tuhoroiilosia, infection ooonrs 
to a groat extent through tlie lymphatic system. In the diseases 
reviewed in the present chapter, syphilis and bubonic plague, 
infection not only occurs by way of this system, but the 
lymphatic glands act as foci for the development of pathogenic 
organisms. Ilence the occurrence of buboes and kindred com- 
plications. An important feature emphasized is the need of 
energetic measures, as represented by the value of mercury, the 
iodides, etc., in the trcatnunit of such disorders, 'roxiemias are 
readily antagonized by ordinary adrenal stimulants because it 
is in the blood that the bactericidal and antitoxic agents which 
these remedies evoke first appear. In the lymphatic system, 
h()wcv(ir, the protective process is relatively deficient, owing 
to tlie absence of red corf)uscles, and therefore of adrenoxidasc, 
in the lymph, a fact which involves a deficiency of auto-anti- 
toxin in this fluid. Hcmee the freedom with which bacteria 
multiply therein; hence also the presence in the lymphatic 
glands of a multitude of phagocytes, small and large, whose 
purpose is to rid them of pathogenic elements of all kinds. 
The aim, therefore, should be to increase the proteolytic power 
and the aggressiveness of the phagocytes by agents which cause 
their digestive vacuoles to be well supplied with auto-antitoxin 
(their digestive triad) and to sensitize actively the bacteria. 
These reciuirements arc^ met by mercury, the iodides and thyroid 
extract, as suggested below. 

SYPHILIS. 

Synonyms. — Lues; Pox; Lues Venerea, 

Definition. — A specific disease due to inoculation, prob- 
ably by the spirorheeta pallida, characterized by three stages: 
(1) the primary stage, in which the seat of inoculation is con- 

(1795) 
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verted into a specific ulcer, the chancre, whence the pathogenic 
organism may invade the lymphatic system if the body’s auto- 
protective functions as exercised through the lymphatic phago- 
cytes are unable to prevent it; (2) the secondary stage, or stage 
of general infection, during which the toxins or endotoxins of 
the specific germ excite a general reaction of the adrenal sys- 
tem and eruptions of various kinds; and (3) the tertiary 
stage, or period of seciuela*, provoked by the pathogenic orgjin- 
ism or its toxins or endotoxins in various tissues during the 
secondary stage, characterized by a specific lesion, the gumma, 
and by marked debility or quasi-paresis of the adrenal system, 
which may be transmitted to otfspring. Congenital syphilis is 
the expression, therefore, of inherited inadequacy or quasi- 
paresis of the adrenal system.** 

Symptoms. — The initial lesion or ^^primary syphilis” 
occurs, as a rule, from two to three weeks after infection. 
Beginning as a small papule or abraded spot, it gradually de- 
velops into the chancre, which softens in the center, constituting 
an ulcer surrounded by a hard ridge — the ^^hard” or “indur- 
ated” chancre. This ultimately breaks down, leaving a scar. 
The appearance of the initial lesion is soon followed by en- 
largement of the adjacent lymph glands, forming the bubo or 
buboes. All these lesions are the seat of an active defensive 
process. 

After a period v^arying from a few days to two weeks, the 
second stage appears. Thh is evidently due to a general re- 
action,* for it is athmded with fever ranging from about 100® 
F. (37.8® C.) to as high as 105® F. (40.5® 0.), characterized 
by irregular exacerbations and often by headache and insomnia. 
When the febrile process is high, hapmolysis may occur, as 
shown by the anfcmic appearance of the patient. Cutaneous 
lesions of various kinds, none of which cause pruritis, are pecu- 
liar to this stage, viz., roseolar, squamous, papular, and even 
pustular, the pustules recalling those of variola and other erup- 
tions, some of which often leave copper-colored pigmented 
patches. Syphilitic warts, which usually conjoin to form condy- 
lomata, may appear at the mucocutaneous junctions^ while the 


• Author's fonrMsion. 
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mucous membranes of the tongue, nose, vulva, etc., often show 
similar lesions, i.e., grayish, somewhat raised erosions : mucous 
patches. The second stage is a very active one — so active, 
indeed, that all organs, including the bones, the liver, the kid- 
neys, the eyes, the ears, the hair, the nails, etc., may become 
the scat of inflammatory processes, i.e., of local defensive 
reactions.* 

This stage — a period in which the infectious principle is 
fought at every step wherever met* — usually lasts from one 
year to eighteen months, when the disease (iither disappears — 
vanquished by the body’s auto-protcetive resources* — or pro- 
ceeds on its fell way, t.c., to ^‘tertiary syphilis,” the third stage. 

The third stage has been very appropriately defined as the 
‘^stage of sequehe.” Owing to the vascular lesions that arc 
started during the second stage* and the formation in various 
structures of gummatous growths, morbid phenomena may appear 
in any organ through local pressure, distortion, denutrition and 
pressure-absorption. In the respiratory tract, for example, there 
may occur necrosis of the nasal cartilages and bones, causing 
the saddle-nose, perforation of the soft palate, and cicatricial 
adhesion of the latter to the pharynx; ulceration and gummafai 
of the larynx and epiglottis, causing hoarseness, aphonia, cough, 
etc. The lungs may also be involved, especially in children. In 
the hrain, pressure of gummata is a frequent source of paralysis, 
facial, ocular, etc. Syphilis is also a recognized cause of gen- 
eral paralysis. Areas of softening in the brain itself, or its 
vessels, with formation of miliary aneurisms leading to haemor- 
rhages, may occur; symptoms of brain tumor may also appear, 
fl^hc pressure may he such as to cause passive congestion of the 
brain and the pia; violent headache, excitement, even epileptic 
convulsions, sometimes of the Jacksonian type, may be caused. 
In the spinal cord, symptoms of myelitis or of tumor, paralysis, 
such as hemiplegia, paraplegia and monoplegia, and locomotor 
ataxia, are relatively frequent results of spinal lesions. In the 
testicles the gummata may form hard, painless masses; sup- 
purative orchitis may also occur and be followed by atrophy. 
Corresponding disorders of the ovaries may occur and provoke 
miscarriage. The liver may be the seat of gummatous enlarge- 
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ments and later show areas of cirrhosis or fibrous cicatrices; 
ascites and jaundice may also be caused. The cardio-vascular 
system is not exempt; endocarditis, arteriosclerosis, gummata 
of the adventitia, etc., being not infrequently observed. On the 
whole, all tissues are exposed to the ravages of this terrible dis- 
ease, each organ attacked giving rise to symptojns denoting per- 
version or arrest of its functions. 

In congenital syphilis, symptoms may be present at birth, 
which usually develop later — roseola, excoriations at the 
mouth and anus (the latter appearing also as if scalded) reiidily 
developing into mucous patches and condylomata. An eruption 
of ulcerative bullae around the wrists, pemphigus neonatorum, 
a typical sign of syphilis, is also frequently observed. The 
viscera, and particularly the liver, spleen and* kidneys, are pre- 
eminently the seat of (jonnective tissue lesions similar in every 
respect to those observed in the adult. Syphilitic rhinitis, the 
‘^snuffles," which obstructs the nasal cavities, and may be fol- 
lowed later by necrosis of the nasal cartilage, contributes 
greatly to the general wasting or marasmus, by interfering 
with oxygenation. The special senses, especially the eyes — in- 
terstitial keratitis being commonly observed — and ears are 
always threatened. The cerebro-spinal system, especially at 
birth, may be the seat of apoplectic cfl'usions owing to lesions 
of the arteries. The osseous system and i)articularly the dia- 
physo-cpiphyscal junction of long bones is often involved, the 
rosary at the eostocartilaginous junctures observed in rickets 
and nodular thickenings on the tibia and other bones, being 
readily discernible in most instances. When the second denti- 
tion is reached, the permanent teeth appear notched, irregular 
and ^^pegged,” the two upper incisors being particularly de- 
formed in this manner, i.e,, the Hutchinson teeth. 

This brief rCsiim^ of the symptomatology of syphilis contains but 
the most salient features, but it suffices to suggest that if from the 
beginning of the first or second stage of the disease, an active defensive 
process is in operation, it would, when raised to its highest efficiency by 
remedial measures, prevent the ravages which constitute the third stage. 

Etiology and Pathogenesis. — The pathogenic organism of 
syphilis, found in the primary and secondary cutaneous and 
glandular lesions, and in some of the tertiary lesions, is probably 
Schandinn and Hoffmann^s recently discovered spirochoita paU 
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lida, a slender, corkscrew-like spirillum. Inoculation experi- 
ments have given rise to typical ulcers containing this parasite; 
but it has not so far been possible to cultivate it in artificial 
media. 

The initial lesion, the chancre, is from the start the seat 
of a defensive process. It is at once invaded by various phago- 
cytic leucocytes, lymphocytes and epithelioid macrophages, 
which accumulate in situ along witli connective-tissue and 
other cells connected with the process of repair.* 

That the epiroc'hffita pallida is the specific germ of syphilis is sus- 
tained by cionsiderable evidence. It must not be forgotten, however, 
that Lustgarten’s bacillus was also found in all lesions. That the 
initial sore is invaded at least by scavenger cells is now generally 
recognized. Thus, Ohlmacher'- states that, “like other allied infections, 
syphilis seems to irritate principally the elements of the connective 
tissue, and in consequence we find in both early and late lesions, a 
proliferation of endothelioid cells, small round (lymphoid) cells, and 
giant cells. As in most other infections, the endoth(‘lioid cells, giant 
cells, and certain migrattnl leucocytes engage in phagocytic activity in 
the effort to rid the body of the noxious invaders or to remove the 
detritus of cellular necrosis.** The defensive process is essentially local, 
however. Thus, llallopeau^ found that “the pathogenic action of the 
toxins is nil during the periods of incubation and lutencjj^ of the disease,** 
a fact which shows, from my viewpoint, that these toxins do not evoke 
a protective rea<!tion from the start. I regard this as a very important 
fact from the standpoint of prophylaxis, for such being the case, the 
immediate use of remedies such as thyroid, iodine, etc?., which power- 
fully stimulate the thyro-adrenal functions must tend to prevent ^neral 
infection even when the chancre is feebly developed. 

The germ-laden leucocytes, epithelioid cells and giant-cells 
— all phagocytes — are the ‘^syphilized cells” of Besiadecki, Otis 
and others, which become infectious through the fact that either 
as micro- or macrophages, they ingest the specific organism.* 
In some cases they succeed in preventing infection. If, how- 
ever, the vital functions of the patient be at all depraved, 
either through alcoholism, antecedent disease, starvation, etc., 
the production of adrenoxidase, trypsin, nucleo-proteid and 
thyroidase, the constituents of auto-antitoxin, be deficient, 
these defensive cells, inadeipiately supplied with this bacterio- 
lytic substance, fail to destroy the germs.* On leaving the seat 
of infection to enter the lymphatic vessels, therefore, they are 
laden with these pathogenic organisms and infect the lymphatic 
glands of the groin, giving rise to the ^T)uboes,” and finally 
infect the body at large. 

• Author* 8 eoneluHon. 
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That, as I suggest, general infection is influenced by debility of 
the adrenal system’s protective power, owing to general aclynamia, and 
as manifested through the leucocytes, harmonizes with established facts. 
The debilitating influence of alcohol and squalor is well known. Thus 
Prof. Neumann* recently emphasized the fact that syphilis “is more 
common in ill-nourished persons and in hospital patients than in those 
seen in private practice” and that “alcohol diminishes the resistance 
of the tissues to specific infection.” The “resistance of the tissues” 
means, in the light of the evidence I have adduced, a deficiency of auto- 
antitoxin in the blood an<l cells-: Applying this principle to the pre- 
vailing conception, the role of the leucocytes, as I have depicted it, 
will suggest itself. G. Frank Lydston* in an able review of the whole 
subject, says, for instance: “The first elfect of the syphilitic infection 
is d gradually increasing accumulation of leucocytes — t.e., white blood- 
cells or lymph-cells — at the site of inoculation, produced by a modifica- 
tion of the normal leucocytes and connective tissue elements through 
the influence of the syphilitic infection.” “The previously nor- 

mal accumulated colls (the syphilized cells of Hcsiadecki, Otis, et al.) 
contain the germ of syphilitic infection. They become larger, more 
granular and contain numerous nuclei [giant cells] and possess exaggera- 
ted [)owers of proliferation and amwhoid movement, “This 

much is certain, how'ever, that just as the leu(*ocytc is the primordial 
cell in the normal physiological processes of growth, so is it the basis 
of all so-called pathological processes, and particularly those of syphilis, 
w'hen modified in the manner peculiar to the particular disease.” 

Interpreted from my standpoint, howiwer, the normal phagocytic 
leucocyte is fully able to digest the pathogenic germs and to convert 
them into granulations that arc more or l(*ss us<*ful to the body at 
large, while the leucocyte, deficient in bacteriolytic bodies and moving 
in blood deficient in thyroidase (opsonin), is not, and acts as infecting 
agent. 

Some of the germ-laden leucocytes carried along by the 
torpid lymphatic current, finally reach the reeepiaculum chyli, 
along with quantities of specific germs produced through miilti- 
l)lication in the lymph and lymphatic glands, and are finally 
emptied into the blood-stream. When the germs and their 
toxins have accumulated sufficiently in the blood, the second 
stage begins; which means a reaction of the body to protect 
itself, through the adrenal system, against infection.* 

The “syphilitic fever,^’ marked in proportion as the reaction 
is severe, is accompanied by a marked rise of the blood-pressure 
due, as in arteriosclerosis, to hypermetabolism in the vessel- 
walls. So marked is the vascular tension that the blood is 
driven by the deeper vessels into the peripheral capillaries, which 
become intensely congested. As the specific germs and their 
toxins, waste-products of the prevailing hypermetabolism (in- 
cluding various acids), detritus, broken-down cells, etc., are 


• Author's conclusion. 

■Neumann: Wiener kiln. Woch . Bd. xvll, S. 551, 1904. 

■Lydston: Sajous’s **Analyt. Cyc:lo. of Pract. Med.,“ Art. on SyphillB, 
vol. vl, 1898. 



SYPHILIS. 


1801 


inadequately removed from the cutaneous capillaries, owing to 
the torpor of the blood-stream in the vessels,* many kinds of 
eruption may appear, one of which, the syphilitic roseola, usu- 
ally leaves copper-colored spots. 

The fever, which, we have seen, may attain 105® F. (40.5® C.), is 
of course, as elsewhere, due to excitation of the test-organ and adrenal 
center — or thermogenic center — by the poison. So marked is the excess 
of auto-antitoxin in the blood, in fact, that a slight increase of this 
protective compound suttices to produce hromolysis. This explains the: 
phenomenon known as “Justus’s teat” in which one large dose of mer- 
cury is sufficient to produce a sharp hsemolysis. This destruction of 
red corpuscles (10 to 15 per cent.), according to Justus,” “is a specific 
phenomenon, and is not observed in the blood of healtiiy persons.” 
This is accounted for from my standimint by the fact that the mercury, 
by suddenly exciting the text-orgsiii, increases the proportion of auto- 
antitoxin in tlie blond suflicicntly — ^in addition to the excess already 
present in the latter — to render it Inemolytie. All this proves that 
an intense protective process is going on in the blood. 

The capillary hypenemia is well shown by the leucoderma. That 
it is at least closely related with the second stage is suggested by 
Fiveisky’s* statement that “these pigmentations may remain for several 
years and can be regard<Hl as among the best signs of the secondary 
period” — though as observed by Lewin,^ it is also met with in subjects 
who have never had syphilis. It has been ascribed by some writers 
to “a transient congestion of adrenals,” according to Frattalli.*^ This 
conclusion is warranted — since, as we have seen, the adrenal system 
is overactivt! — but only in the sense that the blood is thus caused to 
contain an excess of ! the adrenal active principle which, as I have 
shown in the thirteenth chapter, is the mam facttir, when oxidized, in 
bronzing and kindred |uginontations. 

The relationship between this cutaneous hypermmia and the erup- 
tions of all kinds observed during the second stage is giMierally re(s>g- 
nized. Tlius, Lydston® states that “the syphilitic roseola is due to 
dilation of the cutaneous capillaries and subsequent stasis, and the 
exudation of leucocytes [wliicli, we have seen, contain the germsl and 
red corpuscles into the implicated intogiimentary area.” L. S. Schmitt,’® 
referring to the fact that Veillon ami Olrard'*^ “found the spirochseta 
pallida in sections of syphilitic ros’oolaB of four days’ duration” and 
that “the sections showed intense capillary and beginning perivascular 
infiltration,” states that “the organisms were found in the terminal 
subpapillary capillaries and in some of the siibpapillary vessels” and 
that “a few were found in the perivascular nodules.” Schmitt concludes 
from this “that the roseolae are not of toxic oripn, that they are due 
to a true parasitic embolus lodged in the terminal capillaries of the 
skin and producing a perivascular infiltration.” 

The third stage, as already stated, is not a manifestation of 
the syphilitic infection, but of a variety of disorders which 
occur as sequelae of the lesions that the presence of the patho- 


* Author's conclusion. 

B Justus: Virchow’s Archiv, Bd. cxl, S. 91, 1895. 

B Flvelsky: Annales dc dermat. et syph., 3 s^ric, vol. 11, p. 418, 1891. 
'^Lewln: Charltd Annalon, Bd. xvlll, S. 614, 1893. 

BFrattalli: Cllnlca dsrmoslfll della R. Ilnlv. di Roma, Oct., 1895. 
^Lydston: Loc. dt, 

*»L. S. Schmitt: Cal. Stato Med. Jour., Mar., 1906. 
u Veillon and Girard: G. r. de la Soc. de blol., vol. llx, p. 652, 1906. 
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genic organism in various organs has provoked, directly or 
indirectly, during the second stage. 

The arterial lesions are in part due to a process similar 
to that which prevails in arteriosclerosis,* viz., to excessive 
metabolic activity in the vessel-walls, and particularly in those 
of the vasa vasorum.* These minute nutrient vessels becom- 
ing occluded, the areas they nourish become necrosed and, 
ultimately, fibrous and calcareous.* This morbid process is 
greatly aggravated by vascular lesions provoked by the pres- 
ence of the germs, the reparative process which follows entail- 
ing likewise local sclerosis. Any or all vessels may thus be 
affected, the lesions being cither of the inflammatory type: 
endo- or periarteritis, and endo- or periphlebitis; or secondary 
thereto: thickening or fibrosis of their walls, entailing partial 
or complete obstruction. Thrombosis may also occur. 

The only lesion that may be considered as truly syphilitic 
is the gumma, a gelatinous mass varying greatly in size, and 
containing at first endothelioid and mononuclear cells (both 
phagocytic), then a cheesy mass. Their microscopical resem- 
blance to tubercles is such as to indicate that they fulfill a role 
similar to that carried on by these masses in tuberculosis (q.v.) 
viz., to enclose colonics of pathogenic bacteria and cellular 
detritus* and thus arrest dissemination of the germs. They 
may become hard and dense, and are traversed by fibrous bands 
forming meshes which enclose their caseous contents, however, 
and being liable to fonn anywhere, particularly in the liver, 
testis, spleen and brain, and in the bones, which they may soften 
and destroy; they add a formidable pathogenic factor to the 
already formidable vascular lesions, through the pressure which 
they exert. They often break down, but this cither leaves an 
open lesion or a mass of cicatricial tissue which is in itself a 
menace in certain regions, the central nervous system, for 
example. 

That syphilitic infection is absent when the third stage is reached 
is shown by the absence of the pathogenic organism during this stage. 
Sobernheim and Tomasezewski,'* for instance, having examined 68 cases 
of syphilis for the spirochieta, found it in all with the exception of the 
only 8 cases of tertiary syphilis. This fact, which has been confirmed 
by other observers, accounts for non-communicability of tertiary lesions. 


* Author's conclusion. 
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This should not be considered as a law, however, for, as is well known, 
relapses of the disease may occur years, even decades, after apparent 
exhaustion of the infection, a fact ascribed by Virchow to retention 
in the lymph-nodes of the pathogenic agent. 

The prevailing view is that the arteriosclerosis of syphilis is an 
independent process. Thus, Neumann** stated recently in one of his 
lectures that “arteriosclerosis favors tertiary lesions.” As I show aliove, 
however, it can clearly be caused by syphilis, i.e., through the prolonged 
hypermetabolism to which the vessel walls are submitted during the 
secondary period. This further emphasizes the need of curative measures 
as early as possible in the second stage. That lesions can be caused 
in the walls of vessels is emphasized by the fact that Buschke and 
Fischer’* found the spiroehieta pallida attached to the vascular endo- 
thelial cells and traced them into, and even through, the vessel walla. 

A cardinal feature of the third stage is the depressed con- 
dition of the adrenal system.* Although lesions of the adrenals 
themselves are rarely oV)servcd in syphilis, they are sufficient in 
some instances to cause bronzing and other manifestations of 
Addison^a disease. 1'his bronzing is due to the exhausting stim- 
ulation to which the test-organ, and through it, the adreno- 
thyroid center, is submitted during the secondary period.* 

That physical degeneration is a paramount factor of tertiary 
syphilis is generally acknowledged. The connection with the adrenal 
system is emphasized by the general adynamia and the pigmentation 
occasionally observed l)oth in acquired and congenital syphilis and 
also by the fact that Addison’s disease may develop as a result of 
syphilitic infection, as in cases reported by Sacaze.’* Chauveau, and 
others. The adynamia can hardly be always ascribed to disease of the 
adrenals per sc, for in a study of 100 autopsies of syphilitic children, 
TTccker’* found the adrenals rarely involved, though Guleke” found the 
adrenals of three cases out of eight of bona fide inherited syphilis, the 
seat of necrotic foci. Engel-Reimers,’* Fiirst,’* Wermann"" and others 
have reported instances in which the thyroid was enlarged, thus indi- 
cating impairment of the functions of this organ. It is thus apparent 
that the two secreting structures of the adrenal system, the adrenals 
and thyroid, may, either directly or indirectly, be compromised by 
syphilitic inh^ction. 

The relationship of cancer to syphilis is very interesting in this 
connection. The prevailing view is that syphilitics are proof against 
cancer. Indeed, Roger Williams-’ in an examination of 165 breast- 
cancer patients, did not find undoubted signs of syphilis in a single 
instance, while in 160 uterine-cancer cases similarly examined, only 
one presented signs of having had syphilis. This is accounted for in 
some cases, from my standpoint, by the fact that during the secondary 
period, the blood is so rich in auto-antitoxin that the initial lesion of 

• Author* s conclusion. 
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cancer is promptly counteracted, while during the tertiary period and 
the resulting adynamia, the blood is too poor in auto-antitoxin to sustain 
the process of cellular growth to which the tumor is due. Various 
recorded instances seem to have proved that cancer can be grafted on 
syphilis; but examined in the light of my views, their number is 
subject to reduction. Thus, A. Patterson^ reported a case of scrotal 
epithelioma in which, notwithstanding repeated removal of neoplastic 
tissue, the wound refused to heal. On learning that the patient had 
been in the army, iodide of potassium was administered. The wound 
healed rapidly and the patient was still in good health when last seen, 
lu years later. Now, this case is ascribed to syphilis, but inasmuch 
as 1 have shown that the iodides are also capable of stimulating the 
adrenal system and thus curing cancer, syphilis may be eliminated in 
Patterson’s case — as it could in all cases in which the diagnosis of 
syphilis is based on the results of antisyphilitic treatment. On the 
other hand, there are many cases recorded in which cancer will develop 
upon syphilitic leucoplakia, syphilitic scars, etc. — a siiiTicient number, 
in fact, to indicate that the supposed protection afforded by syphilis 
(aside from tho secondary stage) is a myth. 

Treatment. — Syphilis is essentially a disease in which the 
adrenal system can be utilized advantageously by the physician, 
since the local primary sore and the general infection it en- 
tails, the secondary reaction, and even the typical expression of 
the third stage, the gumma, and to a certain extent the vas- 
cular lesions, can be influenced through this system.* The 
manner in which mercury and the iodides produce their cura- 
tive effects in this disease suggests itself in view of their 
powerful stimulating action on the test-organ, and through it 
on the adrcno-tliyroid (?enter.* This applies as well to thy- 
roid extract* which not only increases the functional activity 
of the adrenal system, but also, by adding thyroiodasc (opsonin) 
to the blood, sensitizes the germs for the phagocytes.* 

In the first volume** T urged "that simultiincous impairment of 
the functions of both the anterior and posterior pituitary bodies accounts 
for the ravages of syphilis,” and that it was through this system that 
iodine and mercury produced their beneficial effects. Thyroid extract was 
used by Menziea** as an adjuvant to other methods and is recommended 
by him. Goulads6“ used it in a very severe ease, in which the al© 
nasi and one ear were destroyed by ulceration, besides marked adynamia 
and emaciation. The usual measures having failed, thyroid gland was 
tried. On the third day improvement began; the ulcers healed promptly, 
all morbid phenomena ultimately disappearing. Chnmplin®* states that 
where other remedies fail “thyroid gland, 2 grains (0.13 gm.) three 
times daily with sodium bicarbonate, brings about results truly marvel- 
ous,” his report being based on 20 cases. 

,* Author* a concluaion. 

A. Patterson: Scottish Med. and Surg. Jour., Aug., 1899. 
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During the primary stage, the use of thyroid extract, 3 
grains (0.2 gm.) every three hours, the first day, then after 
meals, is indicated as a prophylactic to increase the opsonic, 
properties of the blood and thereby render the pathogenic or- 
ganism more vulnerable to the phagocytes.* Mercurials alone 
are not protective at this stage. 

During the initial stage, the phagocytes are alone entrusted with 
the protection of the body. Although mercury excites the adreno-thyroid 
center, the thyroidase produced is inadequate to raise materially the 
sensitizing properties of the blood. Neisser,” in fact, found that injec- 
tions of sublimate one hour after inoculation of the syphilitic! virus did 
not prevent development of a chancre near the seat ot inoculation nor 
general infection. Nor does washing with a solution of sublimate 
(1: 4000 or 5000) proposed by Guinard'-^ protect, a fact ascertained by 
Roux and Metchnikoff.-® I only suggest thyroid extract, owing to the 
physiological action I attribute to it; but I know of no instance in 
which it has been tried. 

The second stage is essentially tln^ stage for mercury, 
since this drug excites violently the test-organ and correspond- 
ingly increases the proportion of auto-antitoxin in the blood- 
stream.* The simultaneous use of thyroid gland is also indi- 
cated, however, to inerease the vulnerability of the specific 
germs to the phagocytes, practically the only protective agents 
in the lymphatic system.* 

• The effect of mercury— of ■ stimulation of the adrenal system, from 
my standpoint — on the SpiroeJuFta pallida was shown recently by 
Freund.*® As soon as the patients w'ere given this remedy, these para- 
sites gradually became less numerous, until, after a course of inunctions, 
they completely disappeared from the blood. Lydston*^ holds that “the 

slow, continuous and moderate use of mercury” “without at 

any time producing its full physiological effccits will generally bring 
about a cure that can be a(!compliahcd in no other way.” This har- 
monizes perfectly with the interpretation I have offered of the action 
of mercury, viz., that salivation marks the beginning of excessive and 
destructive mercuriaUsm. 

The third stage, though not a direct manifestation of the 
infection, affords three morbid processes of far-reaching patho- 
genic influence which can be antagonized by adrenal stimu- 
lants,* particularly thyroid gland and the iodides. These are (1) 
the general adynamia, which is offset by the greatly augmented 
oxygenation and general nutrition; (2) the pressure symptoms 

* Author's conclusion. 
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(which may cause various forms of paralysis) due to giimmata, 
absorption being enforced through the fact that these agents 
promote leucocytosis, and tlicrefore phagocytosis — a process 
Avhich applies likewise to the production of the proteolytic 
triad (auto-antitoxin) which breaks down these masses; and 
(3) the mechanical constriction of arteries to which denutrition 
and atrophy of many structui*e8 are due, by increasing tlfo 
general pressure (lowered during the third stage) and thus 
causing a greater volume of blood to circulate in all capillaries, 
including those of the cerebro-spinal system, the neuroglia, the 
neuro-fibrils, the neurons themselves and their axis-cylinders, 
which are all adrcnoxi(las(?-ladcn plasma channels.* 

That the conditions reforred to are benefited by the iodides is 
so well known, that I deem it unnecessary to submit evidence. 

During the second and third stagi^s, the alkalinity of tlie 
blood is often greatly reduced, a fact which sufticcs to thwart 
the beneficial effects of the remedies used.* This lowered 
alkalinity is shown by a noticeable increase of blood-plates.* 
The use of alkaline waters and an increase of sodium chloride 
in the food,* all supplemented, if necessary, by largo warm 
enemas of saline solution, aids the curative process materially 
by enhancing the osmotic and antitoxic power of the body 
fluids and facilitating the migration of leucocytes, including 
the phagocytes, where their aggressive, protective and repara- 
tive work is needed.* 

Tjofidorfor, Vornor** and others have observed a large increase of 
blood-platc's in the blood of syphilitics, irrespective of the stage. In 
the first volume®* I pointed out that these blood-plates were droplets of 
adrenoxidaso derived from the rod «)rpuscles, which were visible only 
when the alkalinity of the blood was greatly reduced. 

As to the use of normal saline solution, Ileineck** states that it 
has been found valuable “in malignant forms of sypliilis that fail to 
respond to the anti-syphilitic treatment.” CJastou and Quinton® found 
that isotonic injections of sea- water added to the medicinal treatment 
greatly enhance the curative process. 

Of course, the introduction of snlvarsan on the scene has 
relegated all other methods of treatment to the rear. 

Congenital Syphilis. — Tn. the definition I specified 
that the transmission of ^^sypliilis’^ to offspring was in reality 

• Anthfjr’a conclutiUm. 
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the tranBmi&sion of a debilitated or quasi-paresis of the adrenal 
system. 1 would suggest, as an efficient agent in these cases, 
thyroid gland, 

I api)end hereto the methods employed by T. W. Kilmer,” by 
mercurials and iodides. Both these agents being powerful stimulants 
of the adrenal system, the results obtained are readily accounted for. 
“Having employed the various forms of mercury in the treatment of 
congenital syphilis,” writes Dr. Kilmer, “I have discarded practically 
*^ail of them except the employment of bichloride of mercury^ adminis- 
tered by the mouth. This has been, in my experience, the best method 
in which to use this drug. Ointment soils the clothing, and is soon 
discarded by the parents as being too dirty and troublesome. In using 
the bichloride of mercury I usually administer it in plain water to 
infants, or in some simple vehicle to older children. Each teaspoonful 
contains the desired dose of mercury. To an infant I begin by giving 
Vw) of a grain [0.00033 gm.] morning and night; to a child one to 
two years old, commence with */„„ of a grain, [0.00065 gm.] morning 
and night, keeping this up for a few days, and then give him the same 
dose three times a day; then, after a day or two increase the dose to 
Vjoo of a grain [0.00065 gm.] to an infant of six months; or Vw of a 
grain [0.0013 grn.] to a child one or two years old. If no symptoms 
of mecurialization arc seen, which in infants occur in the form of loose, 
greenish stools, increase the dose slightly up to the abatement of the 
symptoms or the occurrence of loose, greenish stools. It is impossible 
to salivate an infant, and the physiological limit to the administration 
of mercury is manifested by the presence of loose, greenish stools in 
nearly every case. 

“Infants bear the mercurials well. When the dose is reached which 
causes either a diminution of the symptoms of syphilis or loose, green- 
ish stools, hold the patient at this dose until the symptoms of syphilis 
disappear. 

“It is oftentimes of advantage in older children to combine iodide 
of potash in the form of the saturated solution, two or three drops 
three times a day up to a diminution of symptoms or the production 
of an iodide rash. It is best to give separate prescriptions for the 
mercury and for the iodide of potesh. The iodide is generally well 
borne by young children. 

“After the subsidence of all symptoms the child should be examined 
monthly for six months, and then every two months for a while, and 
then every six months until puberty. It is always necessary, to my 
mind, to give these syphilitic children a one to two weeks* course of 
antisyphilitic treatment out of every six months until adolescence is 
reached, and then caution them to be examined twice a year for the 
remainder of their life. It is quite an easy matter to cure a patient 
with syphilis, but to keep him cured is a far more difficult proposition! 
Aside from the medicinal antisyphilitic treatment, of course, a regime 
of proper diet and hygiene should be instituted.’* 

PLAGUE. 

Synonyms. — Bubonic Plague; BlacJc Death; Malignant 
Adenitis, 

Definition. — Plague — a virulent infectious disease charac- 
terized by the. formation of buboes and the development in some 


“ T. W. Kilmer: Monthly Cycle, of Pract. Med., May, 1907. 
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cases of pneumonia — is due to the Kitasato-Yersin bacillus. 
On penetrating the lymphatic system, this germ multiplies 
therein, causing the characteristic lesion of the disease, the 
bubo, and secretes a toxin which tends to paralyze the sym- . 
pathetic center in the pituitary body, and to inhibit the func- 
tion it governs, general nutrition. It is to the resulting 
adynamia that the development of pneumonia is due, through 
the agency of the ever-present pneumoeoccus.* 

I cannot do more in this connection, owin^^ to want of space, than 
to submit the conclusions to which a study of the relationsliip between 
the ductless glands and bubonic plague has led me, reserving the evidence 
itself fur another article to be published elsewhere. This section is 
only published here, in fact, for the benefit of those colleagues who are 
fighting this terrible disease in the East, and in the hope that the 
new ideas advanced as to treatment may be of some slight use to them. 

Symptoms. — Tlie true symptoms of the disease are usually 
preceded by a period of incubation varying from two days to a 
week, characterized by increasing weakness, and toward the 
end of the period by nausea and perhaps vomiting and vertigo. 
The acute stage is ushered in by rigors or a chill, the tempera- 
ture rising somewhere between 101° and 105° F. («38.3° to 40.5° 
C.). ^rhe patient reels like a drunkard, owing to marked ver- 
tigo, and complains of violent headache and great lassitude. 
This sudden and early exhaustion is apparent in the features, 
the drooping eyelids, the apathetic air, and the evident indif- 
ference to surroundings constituting the facies pestica char- 
acteristic of the disease. The respiration is usually rapid, the 
pulse also; the (jonjunctivae are congested, and keratitis, iritis, 
or panophthalrnia is sometimes observed. The tongue is swol- 
len, shows the impression of the teeth, and is covered with a 
whitish fur resembling mother-of-pearl (Bulard), 

In the bubonic form, the bubo appears during the first 
hours of the malady and is usually unique. In the order of fre- 
quency, it presents itself in the groin, the axilla, or the neck. 
It develops with rapidity, and is well advanced as early as the 
beginning of the second day, and is always very sensitive to the 
touch almost from the start. The neighboring tissues are tume- 
fied and cedematous, especially in the parotid region. When' 
this locality is invaded, oedema of the larynx is to be feared. 


■ Author*a definition. 
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On the second day, the bubo is about the size of a pigeon’s 
egg, and there is aggravation of all the constitutional symp- 
toms, the pulse reaching sometimes 110. Delirium now ap- 
,pears and the stage of apathy is replaced by one of excite- 
ment, during which the patient may try to get up. Physical 
disorders become manifest, fixed ideas predominating. Func- 
tional disturbances of speech arc also fre(]uently 'observed. On 
the third day, all the symptoms become still further aggravated, 
the pulse reaching 140 or beyond, and the bubo attains per- 
haps the size of a hen’s egg, and suppurates. Occasionally it 
becomes gangrenous. Carbuncles may develop in different 
parts of the organism. Extensive petechhe are usual : the 
‘^plague-spots” of older writers. ITaunorrhages from mucous 
membranes, the nose, the lungs, etc., arci frecpiently observed. 
Tn some epidemics hemorrhages are witnessed in all cases, the 
buboes assuming an hemorrhagic type. 

Death, in the majority of fatal cases, generally occurs 
about the fourth day, either from toxic j)aralysis of the respira- 
tory or cardiac centers or from collapse. If the first four or 
five days — the acute stage — are passed safely, the cliarices of 
recovery are favorable. On the other hand, a stage of marasmus 
or profound depression may ayipear on the fifth day and the 
patient succumb on the sixth. IMueli depends upon the condi- 
tion of the heart. Some cases, especially in children, are very 
benign, showing but an insignificant rise in temperature, slight 
inguinal or axillary pain, general def)ri»ssion and ephemeral 
torpor. Such cas(is, lu)wcv('r, arc ay)t to occur early in the 
course of an epidemic. On the whole, the disease shows a very 
high rate of mortality. 

In the pneumonic or septic variety there is profound 
scpticaunia. The pulmonary inflammation closely resembles 
commencing influenza (Lew in) and does not show clear physi- 
cal signs. Ft is a form of confluent lobar pneumonia without 
apparent or noticable implication of the lymphatic system. 
It begins also with a chill, severe ])ain in the side, and more or 
less severe cough with rusty expectoration. I’lie plague bacillus 
is always found in the latter. Tn this variety death may occur 
within twenty-four hours. 


2-64 



1810 INTERNAL SECRETIONS IN PATHOGENESIS AND TREATMENT. 

Some epidemics exhibit symptoms representing both 
varieties. 

Etiology and Pathogenesis. — ^I'he disease is due to a bacil- 
lus discovered by Kitasato, in 1894, and which is probably com- 
municated to men through the bites of insects, fleas especially, 
themselves contaminated by the blood of contaminated ani- 
mals, especially the rat. Filth and bodily neglect arc predis- 
posing causes. When the infection has occurred, the germ in- 
vades the lymphatic system and gives rise, "as in syphilis, to 
buboes, the characteristic objective symptom of the disease. 

The relationship of the disease with the ductless glands 
is shown by various phenomena which the presence of the 
buboes does not explain, viz., the toxaemia.* The combination 
of marked exhaustion and weakness at the commencement of 
the disease, the moist noii-tremulous mother-of-pearl tongue of 
Biilard and the delirium and excitement on the second or third 
day, indicate the identity of the center affected, viz., the syrn- 
patlietic center, and the character of the morbid process: in- 
tense depression or paresis of this center.* The tendency to 
capillary haemorrhages in the viscera and subcutaneous tissues 
points from a different direction to the nature of the peripheral 
disorder: paresis of the arteries, a fact further shown by the 
impaired nutrition of the peripheral tissues and bones,* which 
in some cases may even undergo necrosis. The intense muscular 
weakness is a normal outcome of this condition and to it also is 
due the development of pneumonia,* owing to the ubiquitous 
presence in the respiratory channels of the pneumococcus and 
its readiness to multiply when the vital functions are torpid. 

Fortunately, the test-organ is not influenced in the same 
way and soon reacts,* as shown by the rise of temperature, 
whieh may reach 105° F. (40.5° C.). Tn many cases, however; 
its reaction is inadequate* and the temperature does not exceed 
101° F. (t38.3° C.). Tinder- these conditions the case, if at all 
a severe one, rapidly assumes a lethal trend, the body’s defenses 
being unable to save it.* 

Treatment. — The main indications, in the light of my 
views, are three in number. The first of these is to raise the 
functional activity of the adrenal system to its highest possible 
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potential^ to check the multiplication of the bacillus in the 
lymph and the blood.* As its toxin is very sensitive to heat, 
both pathogenic elements are thus antagonized.* MercMvy, of 
all agents, does this most promptly and should be injected intra- 
venously. The best agent for this purpose is the biniodide, 
Vo to Va grain (0.01 to 0.03 gin.) dissolved in 15 minims 
(1 gm.) of water every four hours, until the first signs of 
mercurialism appear. It is painless when injected — prefer- 
ably in the. veins ^f the elbow. The test-organ being promptly 
stimulated, the blood is soon rendered richer in auto-antitoxin, 
and the phagocytes which penetrate into the lymph -channels 
and glands likewise.* This salt does not contain enough 
iodine to increase adcipiately the j)ro|)ortion of thyroidase 
(opsonin) and the bactericidal activity of the phagocytes.* 
Sodium iodide, 15 grains (1 gm.) in a large glass of water, 
should be given orally with each dose of mercury and continued 
every four hours after the use of the latter drug is stopped. 

Pending the action of these agents, adrenalin chloride, 
1-1000 solution freely diluted, may be given hypodermically, 
remembering, however, that its effect can only be ephemeral, 
since it is promptly converted into adrenoxidasc.* 

Far more efficient, however, is Yersin and Roiix^s serums 
which corresponds, in composition, with the auto-antitoxin that 
accumulates in the blood under the influence of the above- 
mentioned drugs.* The failure of this serum in a large pro- 
portion of cases is due to the fact that it only increases the 
blood^s asset in auto-antitoxin, without exciting the adrenal 
mechanism.* As an adjunct to adrenal stimulants, mercury, 
for example, should prove invaluable.* 

The main indication is to consider those remedies as shoet-anclior 
which will evoke the strongest weapons that the body can muster. 
Mercury has been used extensively in plague, but cither as a piirgsitiye, 
or combined, or given simultaneously Avith agents which counteract its 
beneficial effects. H. J^orans” states that patients “show toleration 
for large doses of sublimate, taking as much as T/s grains (0.1 gm.) in 
tw'enty-four hours without signs of salivation or stomatitis. They 
improve under the action of the drug.” This applies likewise to iodine, 
which has been found of great value by a large number of practitioners. 
Gujjar, of Bombay," for example, gives the following report of the 
results obtained with iodine t'*rchloride: — 

• Author* H conclmlm. 

^ H. Lorans: Med. Nows, Doc. 30, 1899. 

“ GuJJar: Indian Med. Record, May 1, 1906. 
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For February. 


Stations. 

No. OP Casks. 

Rkoovkrirs. 

Deaths. 

Pkrckntagb ot 

liKCOVBRlRS. 


With 

without 

With 

Without 

With 

Without 

With 

Without 


bubooM. 

biibuofl. 

buboes. 

buboes. 

buboes. 

bulx> 08 . 

buboes. 

buboes. 

Girgaum 

41 

45 

23 

45 

18 

0 

56.09 

100. 

Pydhoiii 

2 a 

G4 

9 

60 

14 

4 

39.1 

93.7 

Bazargate 

15 

26 

12 

26 

3 

0 

80 

100 

Total .... 

79 

135 

44 

131 

85 

4 

55.6 

97.03 



214 


175 


39 




For March. 


Girgaum 

no 

258 

58 

252 

52 

6 

62.7 

97.6 

Pydhoni 

49 

209 

26 

206 

23 

3 

53.06 

98.5 

Total 

159 

467 

84 

458 

75 

9 

52.8 

98.07 



626 


542 


84 




Although this report secuiis extraordinary and makes one wonder 
why the mortality of plague is so great, the fact remains that it shows 
at least that iodine is not harmful in tlie disease and that the indica- 
tions which I submit are >varrantcd. 

The use of adrenalin chloride has been extolled by Choksy, of Horn- 
bay,*" for cardiac failure in plague. He states that “a marked change for 
the better was soon apparent in the condition of the i)aticnts after they 
were put under adrenalin.” I have shown under “Antitoxin” that all 
sera were in reality the auto-antitoxin of the animal from wdiich the 
“antitoxin” is obtained. The value of Yersin and Roux's serum sug- 
gests itself under these conditions. 

'Hie second indication is to rcBtore tlic normal caliber of 
the arterioles by stimulating jwwerfully the sympathetic cen- 
ter. A careful selection of drugs is necessary here. Exces- 
sive constriction of these vessels would greatly diminish the 
volume of blood admitted to the capillaries. It is advisable, 
therefore, to avoid opium, the coal-tar products, and all anal- 
gesics in fact, as these agents reduce pain by causing marked 
constriction of the arterioles, which would mean added torpor 
of the lymph-stream and freedom to the ])laguc bacilli to pullu- 
late.* The aim should be to employ an agent capable of com- 
pensating for the reduced caliber by an augmentation of the 
propulsive activity of the vessel.* We have precisely such an 
ag(mt in atropine, which, besides, is capable of stimulating the 
test-organ and therefore of increasing the volume of auto-anti- 

♦ Author* H concluHion. 

^Choksy: ludian Med. Gazette, Apr., 1905. 
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toxin in the blood.* A dose of Vioo graio (O.OOOfir) gm.) 
with each dose of sodium iodide suggests itself, hut much larger 
doses would probably be necessary to overcome the torpor of 
the sympathetic center due to the toxin.* 

Atropine liaa likewise Leen used in plague, but practically always 
with druj^ capable of counteracting its action. Where such has not 
been the case, however, it has shown distinctly its value, 'rhus, R. Row^® 
says that in August and September, 1899, he tested atro])ine in the treat- 
ment of 97 cases of plague. To these he adds the 291 cases of Major 
R. J. Windlc, and <8 cases treated by J)r. A. Turkhud in November ami 
December. The most prominent feature observed in the treatment was 
the condition of the bubo, which either subsided completely or remained 
as a hard nodule, which, in some eases when cut into, showed a mass of 
slough w’ith hardly any pus. Personal cases gave 8(;arcely 14 per cent, 
of suppurations, and it was interesting to note that the smaller the dose 
of atropine administered, the more frequently suppurations were found, 
fc'ome eases not treated with atropine showed 84 per cent, of suppura- 
tions. The localization of the bubo indicated a favorable termination of 
the disease. As to the size of the dose. Dr. Row states 6 drops of thc^ 
liquor atropime sulph. failed in some instances to cause contraction of 
the pupil, and that such cases, as a rule, fared badly. From iny view- 
point, the sympatlietie center had been paralyzed by the toxin, and 
reacted no more to atropine than to any other agent — except, perhaps, 
mercury. 

Ilio third feature of the treatment is to maintain the 
fluiclity of the blood and lymph, Le,, their osmotic properties.* 
This factor is of especial importance in all diseases in which, 
as in plague, the lymphatic system is primarily involved, since 
any degree of abnormal viscidity of the lymph, by slowing the 
speed of the current, retards transmission of the pathogenic 
germs to the blood, where they are most readily destroyed.* The 
indications outlined on page 1367 are eminently applicable in 
the present connection. 

Prophylaxis. — Tn the light of the above facts, to protect 
the body against plague infection, the |)rotcetive activity of 
the adrenal system should be increased by remedies able to 
excite the test-organ.* Haffkinc’s prophylactic fluid owes its 
properties to such an action,* while the serum of Yersin and 
Roux is the antitoxin itself. Thyroid gland, 2 grains (0.13 gm.) 
after meals, suffices to increase markedly the auto-antitoxin in 
the blood;* the iodides of mercury and also iodine and its 
preparations are both, we have seen, capable of enhancing power- 
fully the efficiency of the body^s auto-protective mechanism.* 


* Author's conclusion. 

^ R. Row: Lancet, May 19, 1900. 
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Abdominal typhus, 1758. 

Acetanllid, 1290; physiological action. 
1290; therapeutics, 1293; untoward 
effects and poisoning, 1291. 

Aconite, 1317; physiological action, 
1347; therapeutics, 1349; untoward ef- 
fects and poisoning, 1347. 

Activo agent of the oxidizing sub- 
stance, adrenal secretion us the, 841. 

Active principle of the adrenal secre- 
tion as the active agent of the oxi- 
dizing substance, 841. 

Activo principle of adrenoxldase as 
the dynamic element of life, 933, 
941; as the ferment of the coagula- 
tion ferment, and rennin as “fibri- 
nogen proper,” 869; as the ferment 
of pepsin, 875; as the ferment of 
ptyalln, amylopsln, lipase and mal 
tase, and of the diastase which con- 
verts glycogen into sugar, 862; as 
the ferment of trypsin, 857. 

Adenitis, malignant, 1807. 

Adrenal active principle as the dy- 
namic element of life, 885; as the 
ferment of ferments, 851, 878. 

Adrenal extractives, 1169; physiolog- 
ical action, 1169; poisoning, 1173; 
therapeutics, 1176. 

Adrenal secretion as the active agent 
of the oxidizing substance, active 
principle of the, 841; as the blood 
constituent which takes up the oxy- 
gen of the air, 805; as the constit- 
uent of hmmogiobln, 835. 

Adrenal system as Immunizing mech- 
anism, and cancer, 1389; as the auto- 
immunizing mechanism of the or- 
ganism. 1072; convulsive diseases duo 
to hypoacticlty of, 1426; disorders 
due to hyperactivity of the, 1548; 
in the catarrhal and nervous dis- 
orders of the respiratory tract, 1691; 
in the diseases of the alimentary 
canal, 1720; in diseases of the blood, 
1770; in infections of the lungs, 1608, 
1658; in infections of the lymphatic 
system, 1795; pain-causing disorders 
due to hypoactivity of the. 1499. 

Adrenalin. 1169. 


Adrenals in respiration, secretion of 
the. 801; thyroid apparatus and an- 
terior pituitary combined as the 
auto-lmmunizlng mechanism of the 
organism, 1072; pituitary body as the 
governing center of the, 1008. 

Adreno- thyroid center, posterior pitui- 
tary the scat of the, 1125. 

Adrenoxldase, 850; active principle of, 
us the dynamic element of life, 933, 
941; adrenal secretion as the active 
agent of, 841; as the albuminous 
constituent of ht'cmoglobin, 822; as 
a constituent of enterokinnsc and of 
trypsin, 851; as the ferment of the 
coagulation ferment, 869; as the fer- 
ment of pepsin, active principle of, 
875; as the ferment of ptyalln, active 
principle of, 862; as a respiratory 
constituent of all organisms, 812; as 
“secretin,” 857; hydrolytic ferments 
as compound bodies containing a 
zymogen, nucleo-proteid and, 878; in 
the functions of the ncrve-cell, 915; 
in the nervous eleinents as a cause 
of pain, 1267; red corpuscles as 
storage-cells for. ;}28. 

Adrenoxldase plus nucleo-proteid as 
enterokinase, 857. 

Albuminous constituent of heemo- 
globin, oxidizing substance (oxidase) 
as the, 822. 

Alcohol, 1326; physiological action, 
1326; therapeutics, 1335; untoward 
effects, 13;10; valueless as a food, 
1335. 

Alimentary canal, adrenal system in 
the diseases of the, 1720. 

Alkaline carbonates, 1367. 

Alkaline salts, 1370. 

Alveolar sarcoma, 1405. 

Amyl nitrite. 1350; acute poisoning. 
1352; physiological action, 1350; ther- 
apeutics, 1353. 

Amylopsln, active principle of adre- 
noxldase as the ferment of, 862. 

Ansemia, 1771; definition, 1771; due to 
haemorrhage, 1774; symptomatology, 
pathology, and pathogenesis. 1771; 
treatment. 1777. 

( 1816 ) 
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Anicmia, Idiopathic, 1778. 

Anscrala, pernicious, 1778. 

Antcsthcsia, surgical, excitation of the 
vasomotor center and, 1293. 

Analgesics, sympathetic center In ac- 
tion of, 1270. 

Angina pectoris, 1565; dellnllion, 1565; 
pathogenesis, 1566; symptoms, 1565; 
treatment, 1570. 

Angiosarcoma, M05. 

Anterior pituitary as a lymphoid or- 
gan, 1037; thyroid apparatus and ad- 
renals combined as the auto-immu- 
nizing mechanism of the organism, 
1072. 

Antlpyrin, 1282; action as an anal- 
gesic, 1285; action as antipyretic, 
1284; physiological action, 1282; ther- 
apeutics, 1289; untoward effects and 
poisoning, 1286. 

Antitoxins, 1177; physiological action, 
list; source and chemical nature of, 
1177; therapeutics, 1184; untoward 
effects, 1182. 

Anuria, 1219. 

Apocynum, 1225. 

Apoinorphliie, 1380. 

Apoplexy, 1573. 

Arsenic, 1310; acute poisoning, 1314; 
chronic poisoning, 1313; physiological 
action, 1310; therapeutics, 1317; un- 
toward effects, 1313. 

ArttU'ioflbrosIs, 1548. 

Arteriosclerosis, 1548; deflnition, 1518; 
pathogenesis and pathology, 1548; 
symptoms, 1548; treatment, 1560. 

Asiatic cholera, 1720. 

Aspiration pneumonia, 1681. 

Asthenic glycosuria, 1597; definition, 
1597; pathogenesis and pathology, 
1602; symptoms and etiology, 1598; 
treatment, 1606. 

Asthma, 1699. 

Asthma, bronchial, 1699; definition, 
1699; pathogenesis and pathology, 
1701; symptoms, 1699; treatment, 
1705. 

Asthma, hay, 1709. 

Asthma, spasmodic, 1699. 

Atheroma, 1.548. 

Atropine, 1210. 

Auto-antltoxln, drugs which enhance 
the formation of, 1134, 1201. 

Auto-protectlvo substance. Internal se- 
cretions as the body's, 1099. 

Autumnal fever, 1758. 


Belladonna and atropine, 1210; physio- 
logical action, 1210; -therapeutics, 
1214; untoward effects and poison- 
ing, 1213. 

Dillous headache, 1522. 

Black death, i807. 

lilc^cder’s disease, 1791. 

Dlood, diseases of the, adrenal sys- 
tem in, 1770. 

Dlood-plasma as homologue of sea- 
water, 1362. 

Breast-pang, 1565. 

Bromides, 1338; acute poisoning, 1341; 
physiological action, 13.38; therapeu- 
tics, 1342. 

Bromism, 1339. 

Bronchial asthma, 1699. 

Bronchial catarrh, acute, 1692. 

Bronchitis, acute, 1692; definition, 
1692; etiology and pathogenesis, 
1693; symptoms and pathology, 1602; 
treatment, 1695. 

Bronchitis, capillary, 1681. 

Broncho-pneumonia, 1681; definition, 
1681; etiology and pathogenesis, 1683; 
symptoms, 1681; treatment, 1685. 

Bronzing, hcemoglobln and, 836. 

Brucine, 12.31. 

Bubonic plague, 1807. 

Caffeine, 1231. 

Calcium, 1372. 

Calomel, 1146, 1.388. 

Cancer, 1390; definition, 1390; patho- 
genesis and pathology, 1.397; prophy- 
laxis, 1422; symptoms, 1391; treat- 
ment, 1413. 

Cancer, encephalold, of tho mammary 
gland, 1393. 

Cancer, external, 1391. 

C.ancer Immunity, 142.5. 

Cancer, internal, 1393; of the gall- 
bladder, 1395; of the Intestine, 1396; 
of the larynx, 1.394; of tho liver, 1395; 
of the mammary gland, 1392; of the 
fEsophagUB, 1394; of the pancreas, 
1395; of the peritoneum, 1396; of the 
rectum, 1397; of the skin, i:i91; of 
the stomach, 1394; of the tongue, 
139.3; of the uterus, 1396. 

Cancerous cachexia, 1411. 

Capillary bronchitis, 1681. 

Carbolic acid, 1361. 

Carcinoma, colloid, 1404; cylindrical, 
1404; granular, 1404; squamous, 1404. 

Cardiac dropsy, calomel in, 1388. 

Castor oil, 1377. 

Catarrh, pollen, 1709. 

Catarrh, suffocative, 1681. 
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Catarrh, summer, 1709. 

Catarrhal disorders of the respiratory 
tract, adrenal system In, 1691. 
Catarrhal enteritis, acute, 1737. 
Catarrhal enteritis, simple acute, 1750. 
Catarrhal pneumonia, 1681. 

CaturrhuB mstlvus, 1709. 

Cellular life, potassium In, 1372. 
Cerebral apoplexy, 1573. 

Cerebral hiemorrhage, 1573; deflnltlon, 
1573; pathogenesis and pathology, 
1576; symptoms, 1573; treatment. 
1578. 

Chlorcemla, 1784. 

Chloral, 1318; chronic poisoning, 1322; 

- physiological action, 1318; therapeu- 
tics, 1323. 

Chloranmmla, 1784. 

Chloride of sodium, 1367. 

Chloroform, 1294; danger signals, 1298; 
physiological action, 1294; untoward 
effects, 1296 

Chlorosis, 1784; definition, 1784; etiol- 
ogy and pathogenesis, 1787; sympto- 
matology and pathology. 1784; treat- 
ment, 1789. 

Cholera algida, 1720. 

Cholera Aslatica. 1720; definition, 1720; 
pathogenesis and pathology, 1723; 
prophylaxis, 1733; symptoms, 1720; 
treatment, 1730. 

Cholera, dry, 1722. 

Cholera, epidemic, 1720. 

Cholera, infantile, 1737. 

Cholera infantum, 1737; definition, 
1737; pathogenesis and pathology, 
1738; symptoms, 1737; treatment, 1740. 
Cholera maligna, 1720. 

Cholera morbus, 1734; definition, 1734; 
pathogenesis and pathology, 1735; 
symptoms, 1734; treatment, 1736. 
Cholera nostras, 1734. 

Cholera slderans, 1722. 

Cholera, sporadic, 1734. 

Coca and cocaine, 1232; physiological 
action, 1232; therapeutics, 1238; un- 
toward effects and poisoning, 1235. 
Cdcainlsin, 1237. 

Codeine. 1281. 

. Colitis, mucous, 1753. 

Colitis, ulcerative, 1753. 

Colloid carcinoma, 1404. 

Common sensibility, neural lobe of 
the pituitary as the seat of, and as 
the general motor center, 995. 
Congenital syphilis, 1806. 

Conjugal glycosuria, 1597. 

Convallarla, 1225. 

Convulsions, Infantile, 1472. 


Convulsive diseases due to hypoactlv- 
ity of the adrenal system, 1426. 

Coryza, Idiosyncratic, 1709. 

Creosote, creosote carbonate, gualacol 
and gualacol carbonate, 1357; physi- 
ological action, 1357; therapeutics, 

. 1360; untoward effects and poisoning, 
1350. 

Croton oil, 1377. 

Croupous pneumonia, 1659. 

Cutaneous sarcoma, 1392. 

Cylindrical carcinoma, 1404. 

Death in Infections, absence of min- 
eral salts as cause of, 1370. 

Deciduoma maligiium, 1404. 

Defensive properties of the blood, 
drugs which enhance the, 1134. 

Deglutition pneumonia, 1681. 

DUibiite bronze, 1597. 

DUtbtie maif/re, 1597. 

Diabetes decipiens, 1597. 

Diabetes mellltus, 1583; definition, 
1583; diet, 1595; pathogenesis and 
pathology, 1585; symptoms, 1583; 
treatment, 1591. 

Diaphoretics, 1380; physiological ac- 
tion, 1380; therapeutics, 1383; un- 
toward effects and acute poisoning, 
1382. 

Diarrhoea, acute, 1750. 

Dlarrhcea, chronic, 1753. 

Dlarrhina, dyspeptic, 1742. 

Diarrhoea, infantile, 1742. 

Diarrhoea, summer, 1742. 

Diarrhma, tropical, 1753. 

Diastase which converts glycogen Into 
sugar, active principle of adrcnoxl- 
dase as the ferment of, 862. 

Digitalis, 1215, 1387; physiological ac- 
tion, 1215; therapeutics, 1221; un- 
toward effects and poisoning, 1219. 

Disorders due to hyperactivity of the 
adrenal system, 1548. 

Diuresis, 1219. 

Diuretics, 1387. 

Drugs which become constituents of 
the tissue-cells, 1246. 

Drugs which enhance the defensive 
properties of the blood, 1134. 

Drugs whic.h promote the formation of 
auto-antltoxln, 1201. 

Dry cholera, 1722. 

Dynamic element of life, active prin- 
ciple of adrcnoxldase as the, 933, 941 ; 
adrenal active principle as the, 885. 

Dyspeptic diarrhoea, 1742. 
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Eclampsia, infantile, 1472. 

Eclampsia, puerperal, 1473. 

Ehrlich’s side-chain theory, 1177. 

Emaciating diabetes, 1597. 

Emetics, 1378; physiological action, 
1378; therapeutics, 1380; untoward 
effects and poisoning, 1379. 

Encephalold cancer of the mammary 
gland, 1393. 

Endarteritis chronica deformans, 1548. 

Enteric fever, 1758. 

Enteritis, acute, 1750; definition, 1750: 
pathogenesis and pathology. 1751; 
symptoms, 1751; treatment. 1752. 

Enteritis, acute catarrhal, 1737. 

Enteritis, chronic, 1753; definition, 
1753; pathogenesis and pathology, 
1754; symptoms, 1753; treatment, 
1755. 

Enteritis, simple acute catarrhal. 1750. 

Entcro-colitls, acute, 1743. 

Entero-colltis, chronic. 1753. 

Enterokinase, adrenoxldase as a con- 
stituent of. 851. 

Enterokinase, adrenoxldase plus nu- 
cleo-proteld as, 857. 

Epidemic, cholera, 1720. 

Epilepsy. 1454; definition, 1454; etiol- 
ogy, 1457; pathogenesis, 1457; pathol- 
ogy, 1454; symptoms, 1454; treat- 
ment, 1465. 

Epilepsy, Jacksonian, 14.57, 1405; treat- 
ment, 1472. 

Epilepsy, major, 1455. 

Epilepsy, minor, 1454. 

Epilepsy, refiex, treatment, 1472. 

Epllcptold disorders, 1472. 

Epinephrin, 1169. 

Epithelioma, 1404. 

Ergot, 1383; physiological action, 1383; 
therapeutics, 1386; untoward effects 
and poisoning, 1385. 

Ergotism, chronic, 1385. 

Erythrol tctranitrate, 1357. 

Ether, 1299; danger signals, 1302; 
physiological action, 1299; untoward 
effects. 1301. 

Ether pneumonia, 1670. 

Eucalyptus, 1246. 

Excitation of the vasomotor center 
and surgical antesthesia, 1293. 

Falling evil, 1454. 

Falling fits, 1454. 

Falling sickness, 1454. 

Ferment of the coagulation ferment, 
active principle of adrenoxldase as 
the. 869. 


Ferment of ferments, adrenal active 
principle as the, 861, 878. 

Ferment of 'pepsin, active principle 
of adrenoxldase as the, 875. 

Ferment of ptyalln, amylopsin, lipase, 
and maltase, and of diastase which 
converts glycogen Into sugar, active 
principle of adrenoxldase as the, 862. 

Ferment of tissue-cells, leucocytic fer- 
ments as the intracellular, 907. 

Ferment of trypsin, active principle of 
adrenoxldase as the, 857. 

Ferments, leucocytic, as the intracel- 
lular ferments of tissue-cells, 907. 

Fever, 1201. 

I Fibrinogen proper, rcnnin as, 869; 

! zymogen of, 869. 

Fibrinous pneumonia, 1659. 

Fright glycosuria, 1597. 

Gall-bladder, cancer of, 1395. 

Gastro-onteritls, acute, 1742. 

General motor center, neural lobe of 
the pituitary as the scat of common 
sensibility and the, 995. 

Giant-celled sarcoma, 140.5. 

Glycogen into sugar, diastase which 
converts, 862. 

Glycosuria, 1583. 

Glycosuria, asthenic, 1597. 

Gout, 1500; definition, 1500; pathogene- 
sis, 1.503; pathology, 1.500; prophylac- 
tic treatment of, 1519; symptoms, 
1500; treatment, 1514. 

Gouty diathesis, 1500. 

Granular carcinoma, 1404. 

Granulations of leucocytes and adre- 
noxldase In the functions of the 
nerve-cell, 915; as the granules 
(microsomes) of tissue-cells, 896; as 
the living substance, 885, 927. 

Granules of tissue-cells, granulations 
of leucocytes as the, 896. 

Green sickness, 1784. 

Guaiacol, 1360. 

Guaiacol carbonate, 1360. 

lliemoglobin, adrenal secretion as the 
constituent of, 8:15; and bronzing, 
835; oxidizing substance (oxidase) 
as the albuminous constituent of, 

I 822. 

Hiemophllla, 1791; definition, 1791; eti- 
ology and pathogenesis, 1792; symp- 
toms and pathology, 1791; treatment, 
1793. 

Haemophilia, sporadic, 1791. 

: Tlay asthma, 1709. 

1 Hay-fever, 1709. 
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Headache, bilious, 1622; sick, 162?. 

Hemlcranla, 1622. 

Heroin, 1281. 

Herpes zoster, 1534. 

Homatropluo hydrobromide, 1216. 

Hydrastlnine, 1386. 

Hydrastie, 1386. 

Hydrolytic ferments as compound bod- 
ies containing a zymogen, nuclco- 
proteid and adrenoxidase. 878. 

Hydrophobia. 1486. 

Hyoscyainlne sulphate, 1215. 

Hyoscyamus, 121.5. 

Hyperactivity of the adrenal system, 
disorders due to, 1548. 

Hypersesthetic rhinitis, 1709; deflni- 
tlon, 1709; etiology and pathogenesis, 
1711; prophylaxis, 1712; symptoms, 
1709; treatment, 1712. 

Hypnotism, 1265. 

Idiopathic anmmia, 1778. 

Idiopathic tetanus, 1441. 

Idiosyncrasy, 1209. 

Idiosyncratic coryza, 1709. 

lleo-colitis, acute, 1750. 

Immunity, 1367; in cancer, 1425. 

Immunizing functions, pituitary body 
as the governing center of the 
body’s, 960. 

Infantile cholera, 1737. 

Infantile convulsions, 1472; treatment. 
1473. 

Infantile diarrheea, 1742; dcflnitioii, 
1742; pathogenesis and pathology, 
1743; symptoms, 1742; treatment, 
1748. 

Infantile eclampsia, 1472. 

Infectious diseases of the lungs, ad- 
renal system in, 1608, 1658. 

Intermittent tetanus, 1429. 

Internal secretions as the body's auto- 
protcctive substance, 1099. 

Intestinal catarrh, acute, 1750. 

Intestine, cancer of the, 1396. 

Intracellular ferments of tissue-cells, 
leucocytic ferments as the, 907. 

Iodides, 1159. 

Iodine and the iodides, 1159; acute 
poisoning, 1167; physiological action, 
1159; therapeutics, 1168. 

lodism, 1163. 

Ipecac, 1.380. 

Iron, 1247; physiological action, 1247; 
poisoning, 1249; therapeutics, 1249. 

Jaborandt, 1380. 

Jacksonian epilepsy, 1457, 1466; treat- 
ment, 1472. 

June cold. 1709. 


Larynx, cancer of, 1394. 

Leucocytes, anterior pituitary as a 
lymphoid organ In which the pro- 
ducts of, are exposed to the test- 
organ, 1037; as the distributors of 
remedies and poisons. 1027; as the 
granules (microsomes) of tissue- 
cells, granulations of, 896; as the 
purveyors of the thyroid and para- 
thyroids, and as the secreting cells 
of these organs, 1057; us tissue 
builders, 885; granulations of, and 
adrenoxidase in the functions of the 
nerve-cell, 915; granulations of, as 
living substance, 885, 927. 

Leucocytic ferments as the intracellu- 
lar ferments of tissue-cells, 907. 

Life, active principle of adrenoxidase 
as the dynamic element of, 933, 941; 
adrenal active principle as the dy- 
namic element of, 885. 

Lipase, active principle of adnmoxl- 
dase us the ferment of, 862. 

Lithmmia. 1500. 

Lithium, bromides of, 1338. 

Liver, cancer of the, 1395. 

Living substance, granulations of leu- 
cocytes as the, 885, 927. 

Lobar pneumonia, 1659. 

Lobular pneumonia, 1681. 

Lockjaw, 1437. 

Lues, 1795. 

Lues venerea, 1795. 

Lungs, udrenal system in the infec- 
tious diseases of the. 1608, 1658. 

Lymphatic system, adrenal system In 
infectious of the, 1795. 

Lymphoid organ, anterior pituitary as 
a, 1037. 

Lymphosarcoma, 1405. 

Magnesium citrate, 1377. 

Magnesium sulphate, 1.377. 

Malignant adenitis, 1807. 

Maltase, active principle of ndrenoxl- 
dase us the ferment of, 862. 

Mammary gland, cancer of, 1392. 

Marine salts as participants In the de- 
fensive functions, 1367. 

Mechanism of vasodilation and its re- 
lations to organic function, 1115. 

Mercury, 1146; acute poisoning, 1156; 
physiological action, 1146; therapeu- 
tics, 1157; untoward effects, 1150. 

Mercurialism, 1152. 

Microsomes of tissue-cells, granula- 
tions of leucocytes as the, 896. 
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Migraine^ 1522; definition, 1522; etiol- 
ogy and pathogenesis, 1525; prophy- 
laxis, 1526; symptoms and pathology, 
1522; treatment, 1526. 

Morbus caducus, 1454. 

Morbus sneer, 1454. 

Morbus virgiueus, 1784. 

Morphine, 1272. 

Morphinism, 1276. 

Morphlnomanla, 1276. 

Motor center, general, neural lobe of 
the pituitary ns the seat of common 
sensibility and as the, 99.5. 

Mucous colitis, 17.53. 

Mustard, 1379. 

Need of a secretion to account for the 
respiratory process, 801. 

Ncrvc-cell, grunulatlons of leucocytes 
and adrenoxiduse in the functions of 
the, 915. 

Nerve-paths from the pituitary to the 
spinal cord, 973. 

Nervous disorders of the respiratory 
tract, adrenal system in, 1691. 

Nervous fever, 1758. 

Neural lobe of the pituitary as the 
scat of common sensibility and as 
the general motor center, 995; as the 
seat of the sympathetic center, 982. 

Neuralgia, 1529. 

Neuritis, including neuralgia, tic dou- 
loureux, scintl(^u and zona (shingles, 
herpes zoster), 1529; definition, 1529; 
etiology and pathogenesis, 1538; gen- 
eral pathology, 1.536; symptoms and 
pathology, 1.5.30; treatment, 1541. 

Nitre. 1383. 

Nitroglycerin, 1.3.54; physiological ac- 
tion, 1351; therapeutics, 1356; un- 
toward effects and poisoning, 1355. 

Nitrous oxide, 1303; danger signals, 
1306; physiological action, 1303; un- 
toward effects, 1.306. 

Nucleo-proteid and adrenoxidasc, hy- 
drolytic ferments as compound bodies 
containing a zymogen, 878. 

Nucleo-proteid plus adrenoxidasc as 
enterokinasc, 857. 

CRsophagus, cancer of, 1-394. 

Opium and morphine, 1272; action as 
analgesic, 1273; action as hypnotic, 
1275; acute poisoning, 1278; physio- 
logical action, 1272; therapeutics, 
1279. 

Opsonins, 1093; as the thyroid secre- 
tion, 1096. 

Organic function, vasodilation and Its 
relations to, 1115. 


Oxidase as a respiratory constituent of 
all organisms, 812; as the albumin- 
ous constituent of haemoglobin, 822. 

Oxidizing substance (oxidase) as a re- 
spiratory constituent of all organ- 
isms, 812; as the albuminous con- 
stituent of haemoglobin, 822; red cor- 
puscles as storage-cells for the, 828. 

Oxygen of the air, adrenal secretion 
as the blood constituent which takes 
up the, 805. 

Oxytocics, 138.3. 

Pain, adrcnoxldase in nervous ele- 
ments as a cause of, 1267. 

Pain-causing disorders due to hypo- 
activity of the adrenal system, 1499. 

Pancreas, cancer of the, 1395. 

Paraldehyde, 1.323; poisoning, >.324. 

Parathyroids, leucocytes as the pur- 
veyors of the, 1067. 

Peach cold, 1709. 

Pepsin, active principle of adrenoxl- 
dasc as the ferment of, 875. 

Peritoneum, cancer of, 1396. 

Pernicious anaemia, 1778; definition, 
1778; etiology and pathogenesis, 1781; 
symptoms and pathology, 1778; treat- 
ment, 1782. 

Pertussis, 1716; definition, 1716; etiol- 
ogy and pathogenesis, 1717; symp- 
toms, 1716; treatment, 1717. 

Phosphorus, 1250; chronic poisoning. 
1257; physiological action. 1250; ther- 
apeutics, 1257; untoward effects and 
acute poisoning, 1251. 

Phthisis, 1609. 

Physiological excitant of the test-or- 
gan, thyro-parathyroid secretion as 
the, 1087. 

Pilocarpine, 1380. 

Pituitary body as a nerve-center, 966; 
as the governing center of the ad- 
renals and as the thermogenic and 
respiratory center, 1008; as the gov- 
erning center of the body’s immu- 
nizing functions, 960; nerve-paths 
from the, to the spinal cord, 97.3; 
neural lobe of the, as the seat of 
common sensibility and as the gen- 
eral motor center, 995; neural lobe 
of the, as the sent of the sympa- 
thetic center, 982. 

Plague, 1807; definition, 1807; etiology 
and pathogenesis, 1810; prophylaxis, 
1813; symptoms, 1808; treatment, 
1810. 
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Pneumonia, 1659; compllcatlonB, 1667; 
definition, 1659; etiology and patho- 
genesis, 1667; symptoms and pathol- 
ogy, 1660; treatment, 1672. 

Pneumonia, aspiration, 1681. 

Pneumonia, broncho-, 1681. 

Pneumonia, catarrhal, 1681. 

Pneumonia, croupous, 1659. 

Pneumonia, deglutition, 1681. 

Pneumonia, fibrinous, 1659. 

Pneumonia, lobar, 1659. 

Pneumonia, lobular, 1681. 

Pneumonitis, 1659. 

Poisoning, acetanllid, 1291; aconite, 
1347; adrenalin, 1173; alcohol, 1330; 
amyl nitrite, 1352; antipyriii, 1286; 
arsenic 1313; atropine, 1213; bella- 
donna, 1213; bromide. 1341; chloral, 
1322; chloroform, 1296; coca and co- 
caine, 1235; creosote, 1359; digitalis, 
1219; ergot. 1385; ether, 1301; iodine, 
1163, 1167; iron, 1249; mercury, 1150, 
1152; morphine, 1276, 1278; nitrous 
oxide, 1306; nitroglycerin, 1355; 
opium, 1278; paraldehyde, 1324; phos- 
phorus, 1251, 1257; pilocarpine, 1382; 
quinine, 1243; strophaiithus, 1224; 
strychnine, 1229; sulphonal, 1325; 
trlonal, 1325; veratrum vlrlde, 1344. 

Pollen catarrh, 1709. 

Posterior lobe of the pituitary the scat 
of the adreiio-thyrold center, 1125; 
as the seat of common sensibility 
and as the general motor center, 
995. 

Potassium and sodium tartrate, 1377. 

Potassium bitartratc. 1377. 

Potassium, bromides of. 1338. 

Potassium In cellular life, 1372. 

Potassium phosphates, 1367. 

Potassium tartrate, 1377. 

Pox, 1795. 

Present status of therapeutics, 1113. 

Progressive pernicious aiuemia, 1778. 

Ptyalin, active principle of adrenoxi- 
dase as the ferment of, 862. 

Puerperal convulsions, 1473. 

Puerperal eclampsia. 1173; definition, 
1473; etiology and pathogenesis, 1171; 
symptoms and pathology, 1473; treat- 
ment, 1480. 

Pulmonary tuberculosis, 1609; defini- 
tion, 1609; etiology and pathogenesis, 
1628; prophylaxis, 16.56; symptoms 
and pathology, 1610; treatment, 1639. 

Purgatives, 1374; physiological action, 
1374; therapeutics, 1377. 


Quinine, 1240; physiological action, 
1240; therapeutics, 1245; untoward 
effects and poisoning, 1243. 

Rabies, 1486; definition, 1486; etiology 
and* pathogenesis, 1489; incubation of, 
1486; paralytic period, 1488; premoni- 
tory syiiiptoiiis of. 1486; prophylac- 
tic treatment, 1492; spasmodic stage, 
1487; symptoms and pathology, 1486; 
treatment of developed, 1496. 

Ragweed fever, 1709. 

Rectum, cancer of, 1397. 

Red corpuscles as storage-cells for the 
oxidizing substance, 828. 

Remedies used to infiuence special or- 
gana, 1373. 

Remedies which depress the functions 
of the adrenal, vasomotor, and sym- 
pathetic centers, 1307. 

Rennln as “fibrinogen proper," 869. 

Respiration, secretion of the adrenals 
in. 801. 

Respiratory center, pituitary body as 
the, 1008. 

Respiratory process, need of a secre- 
tion to account for the, 801. 

Respiratory tract, catarrhal and nerv- 
ous disorders of the, adrenal system 
in the, 1691. 

Rhinitis, hypcrmsthctlc, 1709. 

Rose cold, 1709. 

Round-cell sarcoma, 1405. 

Salicylates, 1282. 

Salicylic acid, 1282. 

Saline purgatives, 1377. 

Saline solution, 1.367. 1387. 

Sarcoma, alveolar, 1405; angio-, 1405; 
cutaneous, 1392; giant-celled, 1405; 
lympho-, 1405; round-celled, 1405; 
spindle-celled, 1405. 

Sciatica, 1.532. 

Scirrhous cancer of the mammary 
gland, 1392. 

“Secretin," adrenoxidasc as, 857. 

Secretion of the adrenals in respira- 
tion, 801. 

Secretion to account for the respira- 
tory process, need of a, 801. 

Sensitizing substance of all cells, 
thyro-parathyroid secretion as the, 
1087. 

Shingles, 1534. 

Shock glycosuria, 1597. 

Sick headache, 1522. 

Skin cancers, 1391. 

Sleep, 1259. 
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Sleep center, sympathetic center as 
the. 1269. 

Sodium bicarbonate, 1372. 

Sodium, bromides of, 1338. 

Sodium chloride, 13G8; contraindica- 
tions, 1372; therapeutics, 1369; un- 
toward effects, 1372. 

Sodium phosphates, 1.367. 

Sodium sulphate, 1372, 1377. 

Source and chemical nature of anti- 
toxins, 11.17. 

Sparteine, 122.6. 

Spasmodic asthma, 1699. 

Spindlc-eellcd sarcoma, 1405. 

Sporadic cholera, 1734. 

Squamous carcinoma, 1404. 

Squill, 1388. 

Status cpllcpticus, 1456; treatment of, 
1471. 

Stenocardia, 1565. 

Stomach, cancer of, 1394. 

Storage-cells for the oxidizing sub- 
stance, red corpuscles as, 828. 

Stramonium, 1215. 

Stricto-dilators. cranial. In organic 
function, 1185. 

Strophanthus, 1222; physiological ac- 
tion of, 1222; therapeutics, 1224; un- 
toward oftects and poisoning, 1224. 

Strychnine, 1225; physiological action, 
1225; poisoning, 1229; therapeutics, 
1230. 

Suffocativo catarrh, 1681. 

Sugar, diastase which converts glyco- 
gen into, 862. 

Sulphonal, 1324; poisoning, 1325. 

Sufiiiiicr catarrh, 1709. 

.Sii miner dlarrha'a, 1742. 

Suprarenalln, 1169. 

Surgical aniestbesia, excitation of the 
vasomotor center and, 1293. 

Sweet spirit of nitre, 1383. 

Sympathetic center as the Interme- 
diary through which analgesics pro- 
duce their effects, 1270; as the sleep 
center, 1259; neural lobe of the pitui- 
tary as the seat of the, 982. 

Sympathetic constrictors and the cra- 
nial stricto-dilators in organic func- 
tion, 1185. 

Syphilis, 1795; congenital, 1806; defini- 
tion, 1795; etiology and pathogenesis, 
1798; symptoms, 1796; treatment, 
1804. 

Test-organ, adreno-thyroid center as 
intermediary of impulses to adrenals 
and thyroid, 1125; anterior pituitary 
as a lymphoid organ In which the 


products of leucocytes and any drug, 
poison, or toxin these cells may con- 
tain are exposed to the, 1037; thyro- 
parathyroid secretion as the physio- 
logical excitant of the, 1087. 

Tctanilla, 1429. 

Tetany, 1429; definition, 1429; etiology 
and pathogenesis, 1430; symptoms 
and pathology, 1429; treatment, 1434. 

Tetanus, 1437; definition, 1437; etiol- 
ogy, 1440; pathogenesis, 1438; prophy- 
lactic treatment, 1444; symptoms and 
pathology, 1437; treatment, 1446. 

Tetanus, Idiopathic, 1441. 

Tetanus neonatorum, 1441. 

Tetanus, traumatic, 1440. 

Therapeutics, Internal secretions as 
the foundation of rational, 1112; 
present status of, 1113. 

Thermogenic center, pituitary body 
as the, 1008. 

Thyroid, leucocytes as the purveyors 
of the, 1057. 

Thyroid apparatus, anterior pituitary 
and adrenals combined as the auto- 
Immunlzing mechanism of tho or- 
ganism, 1072. 

Thyroid extract, 1139; physiological 
action, 1139; therapeutics, 1144; un- 
toward effects, 1142. 

Thyro-parathyroid secretion as the 
sensitizing substance of all cells, 
1087. 

Tic douloureux, 1581. 

Tissue-cells, granulations of leucocytes 
as the granules (mlcrosomcs) of, 
896. 

Tissue-cells, leucocytic ferments as 
tho intracellular ferments of, 907. 

Tongue, cancer of, 1393. 

Toxic glycosuria, 1597. 

Tracheobronchitis, 1692. 

Traumatic glycosuria, 1597. 

Traumatic tetanus, 1440. 

Trional, 1325; poisoning, 1325. 

Tropical diarrhera, 1753. 

Trypsin, active principle of adrenoxl- 
dase ns the ferment of, 857; adre- 
noxidase as a constituent of, 851. 

Tuberculosis, pulmonary. 1609. 

Typhoid fever, 17.68; definition, 1758; 
pathogenesis and pathology, 1761; 
prophylaxis, 1768; symptoms, 1758; 
treatment, 1764. 

Typhus, abdominal, 1758. 

Ulcerative colitis, 1753. 

Uricoemla, 1500. 

Uterus, cancer of, 1396. 
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Va^dilatlon and its relations to or- 
ganic function, 1115. 

Vasomotor center, excitation of, and 
surgical anmstheslu, 1293. 

Veratrum virido, 1342; acute poisoning, 
1344; physiological action, 1342; ther- 
apeutics, 1.346; untoward effects, 1344. 

Water as a diuretic, 1387. 


Whooping-cough, 1716. 

Zinc sulphate, 1378. 

Zona, 1534. 

Zymogen, nurlco-protcld and adronoxl- 
duse, hydrolytic ferments as com- 
pound bodies containing a, 878. 
Zymogen of “fibrinogen proper,” 869. 




TREATMENT OF POISONING. 


AS INTERPRETED FROM THE STANDPOINT OF THE VIEWS 
’ ADVANCED IN THE PRESENT WORK. 


Acetanilid (Antifebrine) Poisoning 1291 

Due to excessive constriction of the arterioles. Amyl 
nitrite to dilate these vessels, with oxygen inhalations; or, in 
the absence of this gas, deep breathing, to offset the cyanosis. 
Nitroglycerin to sustain the effect. Heat to the surface. Hot 
(110° F.) saline solution intravenously, or hypodermically to 
dilute the blood, facilitate elimination of the poison, and reduce 
the irritating action on the sympathetic center. Strychnine aids 
the treatment by causing general vasoconstriction, thus forcing 
blood through arterioles, and also by enhancing the production 
of adrenoxidase. 

Contraindicated: Digitalis, which excites the sympathetic 
center; and alcohol, which deoxidizes the blood. 

Acetanilid (Antifebrine) Chronic Poisoning. 

Withdrawal of the drug, thyroid extract and oxygen inhala- 
tions or deep breathing. Strychnine. 

Aconite Poisoning 1347 

Due to excessive dilation of arterioles, with tendency to 
ischaemia of the heart muscle and cardiac arrest. Morphine to 
stimulate the sympathetic center and contract arterioles. 
Strychnine and digitalis aid by counteracting the tendency to 
general vasodilation and cardiac ischamiia. Atropine also con- 
tracts arterioles, but less actively than morphine. Cajfeine less 
useful than either. Ammonia good as general stimulant. 

Evacuation of stomach, avoiding depressing emetics; mus- 
tard best. Recumbent position to prevent cardiac arrest. 
Warmth to surface. 

Contraindicated: Amyl nitrite and nitroglycerin, which 
dilate the arterioles. * 


(1825) 
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Adrenalin Poisoning 1173 

Due to excessive quantity of adrenoxidase formed in the 
blood and the resulting hypermetabolism in the muscular coat 
of arteries. This gives rise to intense engorgement of capil- 
laries, followed by hyperconstriction of all arterioles and arrest 
of the central (pituitary, etc.) and cardiac functions. 

Amyl nitrite inhalations, to keep arterioles dilated. Hot 
(110° F.) saline solution intravenously at once, to dilate the 
blood-vessels. Nitroylyrerin hypodermically, to sustain the di- 
lation of arterioles by depressing the sympathetic center. 
Ouaiacol painted over area 3 or 4 inches square near head, aids 
by depressing reflexly the vasomotor and sympathetic centers. 

Contraindicated: Strychnine, digitalis, ether, alcohol, cof- 
fee, and all other agents which tend to raise the arterial tension. 

Alcohol Poisoning 1330 

Due to oxidation of alcohol in the blood at the expense of 
its adrenoxidase, and paresis of all centers. 

If recently ingested, evacuation of the stomach with pump. 
No depressing emetics. Aromatic spirits of ammonia to counter- 
act the viscidity of the blood. Hot (110° P.) saline solution 
subcutaneously or, better, intravenously, to restore free osmosis. 
Then hot strong coffee orally and strychnine in full doses hypo- 
dermically, to restore the normal sensitiveness of the centers. 
Aided by inhalations of ammonia or titillation of the nasal 
mucosa to provoke sneezing. 

After-treatment: Digitalis to enhance the functional de- 
pression of the cardio-vascular system. Thyroid extract in 
tonic doses (1 grain t.i.d.) if the depression is marked, to en- 
hance the production of adrenoxidase. 

Alcohol Poisoning, Acute (Delirium Tremens). 

Conditions the opposite of above. Excesi^ivc liberation of 
heat energy by oxidation of alcohol witli hyperconstriction of 
arteries and intense hypenernia of the cerebro-spinal capillaries. 

Withdrawal of alcohol imperative. Chloral hydrate or bro~ 
mides to depress sensitiveness of vasomotor center. Then hot 
(110° P.) saline solution subcutaneously or, better, intraven- 
ously, to facilitate osmosis of blood in arteries into lymphatics. 

Contraindicated: Morphine, opium and digitalis, all of 
which at first tend to increase the cerebral congestion. 
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Ammonia Poisoning. 

Tjocal lesions the main source of danger. Vinegar or lemon 
juice to neutralize the ammonia, or dilute nitro-muriatic acid 
in water. Demulcents or olive oil to cover and protect the 
cauterized surfaces. Bromides to offset, by depressing the vaso- 
motor center, the violent hypera?mia and hyper«T8thesia of tlie 
pharynx and (usophagus which follow. Tracheotomy, if there 
is dyspnoea — a sign of impending asphyxia by laryngeal oedema. 

Amyl Nitrite Poisoning 1;152 

Due to depression of the sympathetic and adreno-thyroid 
centers. Atropine is the physiological antidote of amyl nitrite: 
it stimulates both the depressed centers. Strychnine may be 
used in the absence of atropine, but it is less effective. If the 
ease njsists these agents: cocaine, a powerful excitant of the 
adrenal thyroid center, and ether inhalations, to stimulate the 
vasomotor center and drive the blood into the arterioles and 
capillary system, including that of the heart. 

Antimony Poisoning 1379 

Due to paresis of the main centers in the pituitary, espe- 
cially the sympathetic, and also the bulbar vasomotor center. 
General vasodilation with tendency to heart failure. 

If the poison is still in the stomach, no depressant emetic ; 
mustard in tepid water best, or the stomach-pump. Tannic acid 
in solution chemical antidote when antimony still in stomach; 
strong tea rich in tannic acid, and tends to raise the blood-pres- 
sure. Morphine in full doses to excite the sympathetic center, 
and arrest the cramps. Atropine, which excites the adrenal sys- 
tem and the symi)athetic center, aids the morphine. External 
heat. 

Contraindicated: Amyl nitrite, nitroglycerin and other 


vascular depressants. 

Antipyrin Poisoning 1286 

Same treatment as Acetanilid Poisoning. 

Arsenic Poisoning, Acute 1314 


Arsenic being the physiological antagonist of the thyroid 
secretion, acute poisoning is due to paralysis of the test-organ 
and adrenal system. The primary local effects are due to the 
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affinity of the arsenic for oxygen, and the corrosive action on 
the alimentary canal. 

Evacuate tiie stomach at once with mustard or zinc sul- 
phate, aided by pharyngeal titillation, Chemical antidote: 
Magma of tersulphate of iron precipitated by magnesia. Tinc- 
ture of the chloride of iron, or dialyzed iron, or MonselVs solu- 
tion may be substituted in emergency. Then demulcents, milk 
or white of egg, or olive oil, to protect the mucosa, followed with 
purgative dose of castor oil, to increase the auto-antitoxin in the 
intestine. Its adrenoxidasc, by oxidizing the arsenic, annuls its 
action, while the increased flux rids the canal of the remaining 
poison. 

To counteract the depression of the adrenal system and the 
tendency to collapse: Strychnine hypodermically and atropine, 
which not only excites the test-organ, but also the sympathetic 
center. In urgent cases cocaine, a powerful adrenal stimulant, 
hypodermically, largely diluted. Hot (110® F.) saline solution 
intravenously, to dilute the blood, with adrenalin, 8 minims 
(equal to V 120 f^rain) of 1 in 1000 solution, in not less than 2 
ounces of saline solution. External heat. 

If there is likelihood that arsenic is still present in the or- 
ganism, potassium iodide to sustain the functional activity of 
the adrenal system until the poison is all oxidized and elim- 
inated. 

Contraindications: Nitroglycerin, chloral, bromides and 
all other vascular depressants. 

Arsenic Poisoning, Chronic 131:1 

Purgatives, especially calomel, to iniTcase proportion of 
adrenoxidasc in the blood and the intestinal secretions, followed 
by a course of .sodium iodide. Copious use of water as beverage 
to facilitate elimination. 

Atropine Poisoning 1213 

The earlier effects: excitement, dilation of the pupil, the 
rash, etc., are due to the incfreased propulsive power of the arte- 
rioles, but the dangerous phenomena are the result of excessive 
constriction of these vessels and the resulting arrest of circula- 
tion in the heart, pituitary, etc. 

Emetics, preferably apomorphine, which counteracts the 
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action of the poison by causing general vasodilation, and the 
stomach-pump, if need be, should be used at once to rid the 
stomach of any atropine that may remain therein. A solution 
of tannic acid, the chemical antidote, may then be given, fol- 
lowed by a purgative, to increase the proportion of auto-anti- 
toxin in the intestines and eliminate what poison may have re- 
mained. During this stage when the face is red, sulTused, with 
unusually strong heart impulse, excitement, etc., morphine is 
curative by causing constriction of the arterioles and arresting 
the violent propulsive action caused by the poison. Ijater, mor- 
phine is harmful. 

Contraindicated during the stage of excitement: Pilocar- 
pine, nitroglycerin, strychnine, digitalis — all of which increase 
the peripheral and cerebro-spiiial hypcramiia. 

When depression with weak, thready or irregular pulse, pal- 
lor, etc., come on, the cardiac arterioles arc practically closed 
and must be relaxed : pilocarpine, in full doses, is curative here 
by depressing the sympathetic center and causing dilation of the 
arterioles. Pending its action, amyl nitrite inhalations may be 
used. If pilocarpine is not on hand, nitroglycerin injections 
will serve. External heat. 

Contraindicated during this stage: Morphine, antipyrin, 
acetanilid and other arteriole constrictors. 


Belladonna Poisoning 1213 

Same treatment as AtiiopYni5 Potsontno. 

Bromides, Poisoning by ^1341 

Same treatment as Chloual Poison ing. 


Cannabis Indica Poisoning. 

Tlie drug acts by depressing the sympathetic and vasomotor 
centers. At first, the relaxed arterioles admit an excess of blood 
in all organs, including the brain, producing exhilaration, illu- 
sions, etc., but as the large, deeper vessels relax, the blood re- 
cedes from the periphery, including the cerebrospinal system 
and the heart. The pulse becomes weak and irregular, the 
heart-sounds faint, the breathing shallow and sighing, the mus- 
cles flaccid and weak and the lips and nails cyanotic. Strych- 
nine in full doses, by raising tlie blood-pressure, promptly cor- 
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rects this condition; atropine docs likewise and increases the 
propulsive action of the arterioles. Then ; emetics, preferably 
mustard or sulphate of zinc, avoiding apomorphinc, ipecac, 
tartar emetic and other depressants, to rid the stomach of any 
remaining poison, and a saline purgative to clear tlie intestinal 
canal. External heat. 

Contraindicated: Amyl nitrite, nitroglycerin, antimonials, 
chloral and bromides. 

Carbolic Acid Poisoning. 

The first effect is essentially local: Burning pain in the 
mouth, oesophagus and stomach in most cases, and nausea or 
vomiting. Sulphate of sodium, and sulphate of magnesium, is 
a chemical antidote. An emetic preferably apomorphinc hypo- 
dermically, which tends also to offset the secondary and fatal 
effect of excessive constriction of the arterioles. Stomach-tube 
find washing out of stomach with sodium or magnesium sulphate 
solution. White-of-egg or milTc to protecft the alimentary mu- 
cosa against further action of the acid. 

The general effects are due to excessive excitation of the 
syjnpathetic center. At first there is a period of hyperpropul- 
siveness of the arterioles with delirium and rapid breath, soon 
followed by collapse due to hyperconstriction of the arterioles, 
including those of the pituitary and heart. Ilcnco the sus- 
pended sensibility, motility, and reflexes, coma and death. 
Amyl nitrite inhalations, to dilate the arterioles, followed by 
atropine hypodermically, to restore their propulsive power and 
the vital process in the central organs, heart and lungs. Hot 
(110° P.) saline solution intravenously, to dilute the blood and 
reduce the renal irritation caused hy the elimination of the acid. 

Carbonic Acid Oas Poisoning (Choke-damp in Hines, Lime- 
kilns, Fermenting Vats, etc). 

This gas, by replacing the oxygen, arrests general oxygena- 
tion; hence the early relaxation of all muscles, drowsiness, 
dyspnma and coma. Artificial respiration of fresh air, while 
adrenalin in hot (110° P.) saline solution is injected intra- 
venously. Diphtheria antitoxin, owing to its large proportion 
of adrenoxidase, is also useful. Strychnine in full doses hypo- 
dermically, to raise the blood-pressure, thus increasing the pul- 
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monary circulation and exposing an excess of blood to the alve- 
olar air. Oxygen inhalations hasten recovery. 

Contraindicated: All vasomotor depressants: amyl nitrite, 
nitroglycerin, etc. 

Carbonic Oxide Poisoning (Coal or Stove Gas). 

Same treatment as Carbonic Acid Gas Poisoning. 

Caustic Potash or Soda (Lye) Poisoning. 

Local lesions pre-eminent at first: Corrosion of the mouth, 
OGSophagus and stomach, vomiting and purging. Olive oil to 
saponify the poison ; and vinegar or lemon juice to neutralize it. 

The general collapse which soon follows is due to reflex 
shock through the sympathetic cent(‘r and hy})erconstriction of 
all arterioles, including those of the pituitary body and heart: 
Amyl nitrite inhalations to dilate the arterioles; atropine hypo- 
dermically to restore their propulsive activity. When the 
patient is perfectly safe as to life: bromides to reduce the 
blood-pressure and reduce the chances of glottic oedema if 
larynx involved, or to quiet pain by reducing the hyperaemia in 
the burned area. 

Cbeese Poisoning. 

Same treatment as Ptomain Poisoning. 

Chloral Hydrate Poisoning 1321 

In cases due to “knock-out-drops” used by thieves, chloral 
being especially active in drunken individuals owing to the de- 
oxidizing action of alcoliol on the blood. Due to paresis of the 
adreno-thyroid and vasomotor centers, the resulting vasodila- 
tion and reduced oxygenation producing deep sleep which lapses 
into unconsciousness and death from heart failure. 

Emetic, especially mustard (avoiding apomorphine, tartar 
emetic and other depressants) and washing out of stomach. 
Strychnine in full doses hypodermically. Strong, warm coffee 
introduced in the stomach with the tube if necessary, and by 
enema. Adrenalin in large quantity oi salhie solution injected 
hot (110® P.) intravenously to supply the blood with adrenoxi- 
dase. Digitalin to sustain the heart-action during convalescence. 

Contraindicated: Nitroglycerin, the nitrites and all vas- 
cular depressants. 
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Chloroform Poisoning 1296 

Due to excessive constriction of all arteries including the 
cardiac coronaries and those of the pituitary body, the result 
being arrest of the heart’s functions and respiratory failure. 
Amyl nitrite inhalations to cause dilation of the arterioles and, 
in full doses, of all the arteries. Nitroglycerin hypodermically 
to sustain the effect. Hot (110° F.) saline solution intra- 
venously to dilute the blood and arrest excitation of the vaso- 
motor by the amesthetic. 

Simultaneously artificial respiration and rhythmical trac- 
tion of the tongue (Labordc’s method) eighteen times per min- 
ute, which reflexly causes the pituitary body to resume its ac- 
tive functions. Ammonia inlialations aid this process. Alter- 
nating heat and cold applied to the chest tend to provoke reflex 
respiration. Rapid compression of the chest about one hundred 
and twenty times per minute (the Kdnig-Maas method) acts 
similarly. If no effect produced, bleeding, some large vein 
preferably of the neck being opened to produce general vascular 
relaxation. 

Contraindicated : Strychnine, caffeine, coffee, digitalis and 
all other agents which tend to increase the vascular temiion. 

Cocaine Poisoning 1235 

Due to excessive excitation of the adrenal center, hyper- 
oxygenation and intense vascular tension owing to hyper- 
metabolism in the muscular coat of arteries and veins. Amyl 
nitrite inhalations to depress the sympathetic center and cause 
dilation of arterioles and (if its use is prolonged), relaxation of 
all arteries. Hot (110° F.) saline solution intravenously, to 
counteract the action of the poison on the adrenal center by 
diluting the blood. Chloral hydrate to antagonize directly the 
action of the poison, through its depressing action on the 
adrenal center. Potassium bromide aids this action by de- 
pressing the vasomotor center. Morphine is sometimes beneficial 
by causing constriction of the arterioles, thus reducing tlio blood 
admitted into the capillaries. 

Contraindicated: Strychnine, digitalis, coffee, and all 

agents which enhance the vascular tension. 

Creosote Poisoning 1359 

Same treatment as Carbolic Acid Poisoning. 
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Digitalis Poisoning 1^19 

Due to excessive stimulation of the sympathetic center and 
hyperconstriction of the arterioles of the pituitary body and 
heart. The cardiac muscle being deprived ol* blood, its func- 
tions cease. Amyl nitrite inhalations, and nitroglycerin hypo- 
dermically arc the physiological antidotes. Intravenous injec- 
tions of hot (110® F.) saline solution are necessary to eliminate 
at least a portion of the poison from the body-fluids. If the 
intoxication is due to the ingestion of a large toxic dose: 
emetics, preferably apomorphine, or the stomach-pump, to rid 
the stomach of any remaining poison, and a saline purgative to 
provoke intestinal flushing. 

Ergot, Acute Poisoning 1385 

Occurs as the result of efforts to ])roduce abortion in most 
cases. Due to excessive general vascular constriction attended 
with cramps, vertigo, marked weakness, small and weak pulse 
(due to hypcrconstriction of the cardiac coronaries). Apomor- 
phine as emetic; amyl nitrite inhalations and nitroglycerin hy- 
podermically. Intravenous injections of hot (110® F.) saline 
solution to insure elimination of the poison and avoid gangrene, 
followed by saline aperient. 

Contraindicated: Strychnine, digitalis and other vasocon- 
strictors. 

Erythrol Tetranitrate Poisoning. 

Same treatment as Amyl Nitkite PorsoNiNo. 

Ether Poisoning 1301 

Due to excessive constriction of all arteries, including 
those which supply blood to the pituitary body, and the cardiac 
coronaries, the lethal trend being, therefore, respiratory failure 
and cardiac arrest. 

Ainyl nitrite inhjilations in full doses to dilate the arte- 
rioles and arteries, thus relieving tension and restoring the eir- 
culation. Then, atropine hypodermically to stimulate the pro- 
pulsive action of the arterioles and the vigor of the circulation 
through the capillaries, thus restoring normal functional ac- 
tivity. Hot (110® F.) saline solution intravenously to dilute 
the blood and arrest the exciting action of the ether on the vaso- 
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motor center. Artificial respiration to remove the ether from 
the air-cells as soon as possible. 

Contraindicated: Strychnine, digitalis and other vasocon- 
strictors. 

Hydrastis Poisoning. 

Same treatment as Ergot Poisoning. 

Hydrocyanic Acid (Prussic Acid) Poisoning. 

Due to paralysis of the sympathetic and vasomotor centers, 
followed by immediate recession of the blood from the brain, 
lungs, and periphery to the deep and larger vessels. Hence the 
preliminary vertigo, difficult vision, dyspnoea, weak pulse, and 
cyanosis. At once: morphine to excite sympathetic center and 
ergot to excite the vasomotor center, both hypodermically and 
in large doses. Ether or chloroform inhalations aid markedly 
the effect by stimulating powerfully the vasomotor center. 
Empty the stomach as soon as possible, avoiding apomorphinc, 
tartar emetic, ipecac and other depressing emetics. Mustard 
best, or wash out the stomach with warm water. Hot (110® P.) 
coffee cnemata. Heat to the surface. 

Contraindicated: Amyl nitrite, nitroglycerin and other 
vasodilators. 

Icdine Poisoning 11G7 

Primary effects due to violent irritation of the pharynx, 
(esophagus and stomach. A small dose fails to elicit graver 
symptoms. White of egg or ttnik in large doses, followed by 
an emetic, preferably apomorphine hypodermically, usually 
suffice to relieve all the acute phenomena. 

When the dose is large, general symptoms also supervene, 
due to excessive vasoconstriction with tendency to cardiac arrest 
through hyperconstriction of the artcrioh'S. Amyl nitrite in- 
halations and nitroglycerin should be added to the measures 
indicated above and hot (110° P.) saline solution intravenous 
injections should be given to hasten elimination of the poison 
and prevent further excitation of the centers if the. dose ingested 
is excessive. 

Contraindicated: Strychnine, morphine and other vasocon- 
strictors. 



TREATMENT OP POISONINGS. 


1835 


Iodoform Poisoning. 

Same treatment as Iodine Poisoning. 

Lead Poisoning, Acute. 

Due, when the pulse is hard and tense and the blood-pres- 
sure high, to excitation of the sympathetic and vasomotor cen- 
ters. Amyl nitrite inhalations with nitroglycerin or erythrol 
telranilrate hypodermically to dilate the arterioles and arteries. 
A dose of Epsom or Olauhe/s salts should follow to decompose 
the lead salt and form an insoluble sulphate readily voided by 
the intestine. Jlot (110® F.) saline solution, hypodermically or 
intravenously, counteracts the abnormal viscidity which entails 
retention of the lead by the blood, llenal irritation is also pre- 
vented. 

Lead Poisoning, Chronic. 

. Due to paresis of the vascular centers owing to prolonged 
and excessive stimulation by the metal. Potassium iodide in 
large doses to stimulate the adrenal system and increase the nu- 
trition of the vasomotor and sympathetic centers, and facilitate 
elimination by forming an iodide of lead. Frequent use of 
Glauber-s or Epsom salts as purgative. 

Lye Poisoning. 

Same treatment as Caustic Potash Poisoning. 

Mercury, Poisoning by 1155 

When a toxic dose of the bichloride is ingested, the first 
effects are due to corrosion of the entire digestive tract. White 
of egg to form an albuminate, or milk. Emetic, preferably 
apomorphine hypodermically, or ipecac, followed by free lavage 
with a stomach-pump, using a solution of sodium bicarbonate. 

The general symptoms are due to excessive constriction of 
the arterioles and arteries, with tendency to arrest the functions 
of the pituitary body and heart by depriving them of blood. 
This is to a great extent counteracted by the emetic, provided 
apomorphine, ipecac, or tartar emetic be used, since they pro- 
duce their cffe(;t by causing vascular relaxation. Amyl nitrite 
inhalations and chloral hydrate or veratrum viride to sustain 
this action. Free use of water containing sodium bicarbonate 
(one teaspoonful to the pint) to facilitate elimination of the 
poison by the kidneys. 
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Contraindicated: Morphine, Btryclinine and other vasocon- 
strictors; saline solution, the sodium chloride of the latter con- 
verting otlier salts into bichloride of mercury. 

Morphine Poisoning, Acute 1)278 

Due to excessive stimulation of the sympathetic center and 
hyperconstriction of all arterioles, including those of the pitui- 
tary body and heart. Those organs receiving a quantity of 
blood inadequate to sustain their functions, the oxygenizing 
properties of the blood and its circulation are inhibited. 

Specific treatment: At once strychnine hypodermically in 
full doses to excite the vasomotor center, cause constriction of all 
arteries and forcibly dilate the arterioles with blood projected 
through them ; and, simultaneously, amyl nitrite to depress the 
sympathetic center and aid in dilating the arterioles, with nitro- 
glycerin to maintain its action. As soon as this is done — pro- 
vided there is reasonable ground to believe that the stomach still 
contains some of the poison — permanganate of potassium solu- 
tion by the mouth to convert the morphine into oxymorphine, 
followed by an emetic, ])referably nmstard. 

Contraindicated: A|)oniorphinc, which may cause death by 
provoking dilation of all large arteries, thus further depleting 
the pituitary body and heart: ipecac, tartar enietic, and all de- 
pressing emetics. 

In addition: Strong coffee, at 101® F., per rectum to aid 
strychnine in stimulating vasomotor center, and hot (110® F.) 
^saline solution intravenously to dilute the blood, thus subduing 
the irritating action of the poison on tlic sympathetic center. 

If grave symptoms persist, bleeding besides, removing at 
least a pint of venous blood, and cocaine hypodermically to 
powerfully stimulate the adreno-thyroid center, raise the blood- 
pressure. and enforce dilation of the arterioles. 

Artificial respiration is useful to sustain oxygenation while 
these methods are being carried out; physical exercise, by sus- 
taining the production of waste-products by the tissue-cells, 
tends to raise the blood-pressure, thus aiding the strychnine. 
Catheterization of the bladder and saline purgatives to avoid ab- 
sorption of any poison that may be contained in the excretions. 

Contraindicated: Atropine, which tends, in severe cases, to 
further constrict the arterioles. 
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Nioatine Poisoning. 

])ue to depression of the sympathetic and vasomotor cen- 
ters and its result: general dilation of the arteries and arteri- 
oles, the recession of the blood to the great central vessels caus- 
ing nausea, vomiting, faintness, marked weakness, rapid and 
weak pulse, cold sweats, hypothermia and even cyanosis. Unless 
a large dose has been taken or absorbed from tobacco smoke, the 
symptoms usually pass off in a couple of hours. Tincture opii 
campliorata to stimulate the vascular centers and restore the 
general arterial tonus. If the extremities or the surface remain 
cold: in addition to the above, atroinne hypodermically. Heat 


to the surface. 

Nitroglycerin Poisoning. 1355 

Same treatment as Amyl Nitiute Poisoning. 

Nitrous Oxide Poisoning 130G 


Due to interference by the gas with the o.Kygcnation of the 
blood. Artificial respiration of pure air to rid the alveoli of the 
gas, and oxygen hihalatioiis. Atropine hypodermically, to en- 
hance the propulsive activity of the arterioles and promptly re- 
new the blood in all capillaries, including those of the lungs and 
pituitary body. 

Nux Vomica Poisoning. 

Same treatment as Strychnine Poisoning. 


Opium Poisoning 1278 

Same treatment as Morphine Poisoning. 

Phosphorus Poisoning 1251 


The preliminary symptoms are due to corrosion of the ali- 
mentary tract owing to the intense affinity of the poison for 
oxygen. As oxidation of phosphorus renders it inert, the stom- 
ach should promptly be washed out with a large quantity (at 
least two quarts) of a 1-per-cent, solution of potassium perman- 
ganate, with apomorpliine hypodermically, not only owing to its 
action as an emetic, but because emesis is attended with an ac- 
cumulation in the stomach of serum containing adrenoxidase — 
also a powerful oxidizing agent. Citrate of magnesia provokes 
a similar effect in the intestinal tract and the flushing insures 
elimination of any remaining poison. 
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The general symptoms being clue to oxidation of the pljos- 
phorus in the blood by the adrenoxidase, and the attending 
haemolysis, and, indirectly, to the resulting hyperconstriction of 
all arteries, including those of the heart: dilution of the blood 
by hot (110*^ P.) saline solution intravenously in large quan- 
tities, and amyl nitrite inhalations to dilate the arterioles, with 
nitroglycerin hypodermically to sustain this action, or sodium 
bromide. 

Contraindicated: Strychnine, cocaine, digitalis and other 


agents which tend to raise the blood-pressure. 

Paraldehyde Poisoning 13)34 

Same treatment as Chloral Potsonino. 

Prussic Acid, see Hydrocyanto Acid. 

Ptomain Poisoning 1736 

Same treatment as for Cholera Morrus. 

Quinine Poisoning 1243 


Occurs as a rule in persons whose sympathetic center is 
hypersensitive and is due to excitation of this center and con- 
striction of all arterioles, including those of the pituitary and 
heart! Inhalations of amyl nitrile to cause dilation of the arte- 
rioles by depressing the sympathetic center, and nitroglycerin 
to sustain the effect. If the morbid condition persists hot 
(110® P.) saline solution intravenously to dilute the blood and 
hasten the elimination of tlie poison. 

Silver Nitrate Poisoning. 

The lesions are local at first and give rise to violent ab- 
dominal pain, owing to the corrosive action of the poison and 
the widespread gastro-enteritis it provokes. A solution of com- 
mon salt, its chemical antidote, should be given in large quan- 
tities, and be at once withdrawn with the stomach-tube, or by 
causing emesis, preferably with apomorphine. The general 
symptoms, which are due to excessive constriction of all arteries, 
including those of the heart, are in a measure prevented by the 
latter. To sustain this action nitroglycerin hypodermically, or 
sodium bromide or chloral hydrate, which also reduce the sensi- 
bility of the cauterized mucous membranes. Hot (110® P.) 
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saline solution given intravenously not only acts as chemical 
antidote in the blood, but by diluting tlie latter, prevents the 
irritating action of the poison on the vasomotor center. 


Stramonium Poisoning. 

Same treatment as Atropine Poisoning. 

a 

StrophanthuB Poisoning 1224 

Same treatment as Digitalis Poisoning. 

Strychnine Poisoning 1229 


Due to excessive stimulation of the adreno-thyroid and vaso- 
motor centers, and as a result: hyperoxygenation and hyper- 
acmia of the cerebro-spinal system and its peripheral ncjrve-end- 
ings. Aponiorphine to cause emesis and relaxation of the arte- 
ries, and simulfaneously arnyl nitrite to sustain the latter. As 
soon as the stomach is emptied chloral hydrate in large doses by 
the mouth and per rectum to depress the adreno-thyroid center 
and the blood-pressure. Potassium hromide may also be used 
but is less active. To dilute the blood and arrest the irritating 
action of the poison on the centers hot (110° F.) saline solu- 
tion intravenously or hypodermically in large quantities. 

Sulphonal Poisoning 1325 

Same treatment as Diiloral Poisoning. * 

Tobacco Poisoning. 

Same treatment as Nicotine Poisoning. 


Trional Poisoning 1325 

Same treatment as Chloral Poisoning. 

Veratrum Viride Poisoning 1344 


Due to excessive depression of the vasomotor center and 
iacha?mia of all the capillaries, including those of the pituitary 
body and lieart. Strychnine is the physiological antagonist of 
this action by exciting the vasomotor center. Ergot is also effi- 
cacious. 

If the stomach is thought still to contain some of the 
poison, a direct emetic, such as mustard, should alone be used, 
since apomorphine and other depressing emetics will increase the 
danger. 

Contraindicated: Nitroglycerin and all other vasodilators. 
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DISEASES IX WHICH THE ADRENAL SYSTEM PLAYS A 
LEADING PART. 


In addition to tlie morn common and fatal diseases treated in full in 
both volumes, there are others in which the internal secretions and the 
centers of the neural lobe of the pituitary fulfill an imix)rtant role. Sev- 
eral of these, in fact, the pathogenesis of which is admittedly unknown, can 
only be accounted for througii the functions of these organa as interpreted 
in these volumes. Y'ellow fever, appendicitis, rheumatisin, endocarditis, 
smallpox and other exantlicmata, leprosy, dengue, chorea, cirrhosis and yel- 
low atrophy of the liver and other familiar dist'ases are shown below to 
belong to this series, while influenza, hysteria, the traumatic neuroses, neu- 
rasthenia and others prove to be disorders of the sympathetic center of the 
])OHtcrior pituitary body. 

The doses of animal “extracts” given below are based on the preparations 
of Burroughs, Wellcome & Co., which arc standardized chemically and 
physiologically. 


Acromegaly 180, 19*2, 1018 

Characterized by general hyper- 
trophy, especially of the bones. Due 
to hyperi)lasia of the anterior pitui- 
tary and its consequences: persistent 
stimulation of the adrcmal sysUun 
and supranormal oxygenation. This 
entails overnutrition, particularly of 
the hands, feet, etc., where the capil- 
laries are exposed to the relatively 
excessive pressure which the long and 
ovcractivc arteries of which they con- 
stitute the terminals, inii)Ose upon 
them. 

Treatment of this, the sthenic 
stage: Arsenic to reduce the w^nsi- 
tiveness of the adreno-thyroid and 
vasomotor centers and relax the arb*- 
ries, with potassium hromidc or vern- 
tnnn viride on retiring, to sustain the 
clVect. Dirt devoid of red meats, cof- 
fee, tea, i.e., of foods and stimulants 
capable of exciting the anterior pitui- 
tairy and of promoting a high vascu- 
lar t(?nsion. 'Pwo quarts of Vichij 
water daily or an equivalent of saline 
solution to maintain free osmosis and 
elimination of wasU'S which tend to 
excite the anterior pituitary and its 
test-organ. 

When the morbid changes in the 
anterior pituitary are sufficient to in- 
hibit its functions, the asthenic stagi‘. 


of which muscular atrophy, cardiac 
dilation, and general adynamia are 
the most prominent symptoms, point 
to the main pathogenic factor: defi- 
cient functional activity of the adre- 
nal system. 

Treatment here involves the use of 
agents which are contraindieate<l in 
the sthenic stage; thyroid gland in 
small doses, to re])lace the deficiency 
of thyroiodase, and adrenal gland to 
supplement the limited amount of 
adrenal secretion which the adrenals 
furnish, and thus add adrenoxidase 
to the blood. Adrenalin, very largely 
diluted in varin saline solution iil- 
jwted intiavenously twice a w(*ek to 
add further to the hhwd’s adrenal 
active principle, the dynamic principle 
of life. See also Diseases of the 
Pituitary, Vol. I. 

Actinomycosis 1108 

An infectious disease communicated 
by cattle to man, due to the ray- 
funf^is, a yellowish granule 1 to *2 
millimeters in diameter, with radiat- 
ing club-shaped projections. The nod- 
ules containing them form dense 
masses Avliich break down, forming 
abstresses. 

Treatment: Tlie ray-fungus suc- 
cumbs readily under the action of 
the blood’s auto-antitoxin when ade- 

56 ( 1841 ) 
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qiiately sensitized; hence potassium 
iodide in large doses to stimulate the 
adrenal system and increase the 
blood's auto-antitoxin and thyroiodase 
(opsonin). Thyroid gland simulta- 
neously, if the case is rebellious. Free 
use of water ds beverage to facilitate 
the elimination of detritus. Alcohol 
counteracts the beneficial action of 
these a^nts by deoxidizing the blood. 

Acute Anterior Poliomyelitis. 

An acute febrile disease which oc- 
curs in children towards the third 
year, characterized by a sudden onset, 
fever, headache, pains in the back, 
limbs and joints, delirium and some- 
times stupor or convulsions. After a 
couple of days these symptoms sub- 
side and paralysis of various muscles 
in one or more limbs appears sud- 
denly, the muscles involved wasting 
rapidly though sensation and sphinc- 
ter action remain normal. It is prob- 
ably an infection, the brunt of which 
occurs in the gray substance of the 
anterior horn, usually localized in the 
cervical or lumbar enlargement, in 
which the inflammatory process, at 
first a marked intrinsic congestion of 
all nervous elements, including the 
ganglion cells, tends to atrophy and 
finally to become sclerosed. 

Treatment; The fever having for 
its purpose to destroy the pathogenic 
cause, the chances of paralysis are 
increased when the febrile process is 
antagonized. To increase its efficiency 
calomel in small frecpicntly repeated 
doses until the stools become greenish, 
followed by a dose of castor oil. To 
prevent development of paralysis 
warm (106° F..) saline solution ene- 
mata and if possible subcutaneous 
injections (to increase the fluidity of 
the blood and insure the free circu- 
lation of the auto-antitoxin-laden 
plasma in the spinal neuroglia, its 
cells, and the exposed ganglion cells). 

During the first month, and to a 
certain extent during the first few 
months, there is a tendency to spon- 
taneous resolution: continuation of 
saline solution for the same purposes 
as above, and atropine or tincture of 
hellodonna, alternating with strych- 
nine, to increase the propulsive activ- 
ity of the arterioles, including those 
of the cord, nerves and muscles ex- 
posed to degeneration. Massage — in- 
variably rubbing eentripetally to en- 
hance the nervous circulation — simul- 


taneously; faradism of the exposed 
muscle and out-of-door life are im- 
portant adjuvants. 

Acute Ascending Paralysis (Landry’s 
Paralysis). 

Characterized by rapidly progress- 
ing paralysis beginning with the lower 
extremities and extending upward 
(sparing sensibility, and the func- 
tions of the bladder and rectum) and 
finally involving the organa of respira- 
tion and circulation, heart, etc. It 
proves fatal in most instances in from 
a few days to a month, but recoveries 
have occurred. 

Due to paresis of the sympathetic 
center (probably from shock, concus- 
sion, etc.) as shown by the tingling 
of the extremities, absence of muscu- 
lar wasting, hyperiesthesia, muscular 
tenderness, sweating, (edema and sple- 
nic enlargement, — all the result of an 
excessive influx of blood through the 
dilated arterioles. 

Treatment: Biniodide of mercury 
solution intravenously to stimulate 
pou'crfully and at once the adrenal 
system and increase the nutrition of 
the exposed sympathetic system. 
After a few days, atropine subcuta- 
neously, in addition, to stimulate the 
sympathetic center and increase the 
propulsive activity of the arterioles, 
thus sustaining the nutrition of the 
muscles. Morphine with the atropine 
if the hyperoesthesia is increased, to 
reduce the caliber of the arterioles. 
Sodium salicylate — which has the 
properties of atropine and morphine, 
though less active — may be used to 
alternate with these agents. Free use 
of Vichy water to preserve the osmotic 
properties of the blood circulating in 
the exposed nervous elements. 

Acute Delirium (BelTs Mania). 

Charaeterized by violent delirium 
with fever, incessant incoherent talk- 
ing, ^ hallucinations, ceaseless activity, 
jactication and incessant tendency to 
violence. 

Due to auto-intoxication and ex- 
cessive excitation, by the toxics, of the 
vasomotor center and its normal re- 
sult: intense constriction of all arter- 
ies followed by congestion of all or- 
gans, including the cerebral cortex, 
engorgement of all veins, lymph 
spaces, etc., the acute delirium being 
due mainly to the cortical hypersemia. 
Has generally proved fatal. 
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Treatment: At once: Croton oil 
to clear the intestine of imperfectly 
digested materials. Bleeding, im- 
mediately followed by intravenous in- 
jections of hot (110® F.) saline solu- 
tion to dilute the blood, arrest the 
irritation of the vasomotor center, 
and facilitate elimination of the toxic 
wastes. As temporary measure: po- 
tassium bromide and chloral hydrate 
to depress the vasomotor center and 
deplete the cerebro spinal of the ex- 
cess of blood it contains, and, if inade- 
quate to arrest the delirium, antipyrin 
besides, to reduce the caliber of the 
arterioles and the volume of blood 
admitted into the brain. Milk diet 
with addition of common salt to limit 
the \rastes formed and facilitate the 
elimination of those that arc formed. 

Vontraindica ted. — Mor phi ne, the 
preliminary effect of which is to in- 
crease the cerebral hyperemia; chloro- 
form, which acts by raising the blood- 
pressure; ergot, which does likewise; 
cold-baths, which increase the toxic 
wastes; a generous diet, which does 
likewise. 

Treatment subsequent to the acute 
attack: that indicated for epilepsy, 
and frequent saline purgation. 

Acute Yellow Atrophy of the Liver. 

A rare disease characterized by 
rapid destruction of the liver, which 
is found yellow and shrunken post- 
mortem. Besides headache, gastric 
disturbances, colic, drowsiness and 
other commonplace symptoms, there is 
marked jaundice, a tendency to 
haemorrhage: epistaxis, hsematuria, 
htematemesis, etc., a very high specific 
gravity of the urine (which contains 
leucin spheres and tyrosin needles) 
and moderate fever, followed by rapid 
diminution of the liver dullness. Has 
generally proved fatal. 

Due to aiitolyais, principally of the 
liver and arteries, owing ' to the 
presence of a marked excess of auto- 
antitoxin and thyroiodase (opsonin) 
in the blood, and caused by toxics 
such as alcohol, a great excess of 
wastes, as during pregnancy (thefmtal 
plus maternal wastes), of the toxins 
and endotoxins, of infectious dis- 
eases, etc., which violently excite the 
test-organ, and through it the adreno- 
thyroid center. 

Treatment: As the febrile ])rocpsa 
is not marked (rarely above 102® F.), 
the hoemolysis is mainly due to the 


presence of an excess of thyroiodase 
(opsonin) and to supranornial sensi- 
tization of the liver and endothelial 
lining of the arteries, the latter being 
the cause of the haemorrhages. Hence 
arsenic to counteract the excessive 
activity of the thyroid apparatus anil 
saline solution intravenously to dilute 
the blood as rapidly as jMsaible, and 
ftufilitate the elimination of the patho- 
genic poisons. Nflftnc purgatives to 
prevent auto-intoxieation of intestinal 
origin and milk diet during the acute 
stage. 

Addison’s Disease 77 f 1017 

Characterized by pigmentation of 
the skin from yellow to dark-brown 
or “bronze” or a glossy black, emacia- 
tion, asthenia, hypothermia, deficient 
urea excretion, dys}m<Ka, and more or 
less gastro-intestinal disorder. 

Due to a sufiiciently advanced 
functional or organic disorder (espe- 
cially tuberculosis and cancer) of the 
adrenals or its nerve-paths in the 
semilunar ganglia, the splanchnic, 
the upper dorsal syrnpatludic gan- 
glia, the upper cord, bulb, tegmen- 
tum, tuber cinereum or pituitiiry 
l)ody, to reduce to a very marked de- 
gree the adrenal secretion produced, 
and therefore the adrenoxidasc sup- 
plied to all tissues. Hence the fore- 
going symptoms, which arc all the 
result of hypometabolism. 

Treatment: llie only remedy of 
value is adrenal gland orally to sup- 
jdy the blood with the adrenal prin- 
ciple it lacks to carry on its functions, 
beginning with 3 grains twice daily 
until the temperature is raised to 
normal; then adjust dose to keep it 
at OD® F. Fresh mutton or beef gland 
may be given twice daily in 5- to 10- 
grain dosi!s if above not obtainable. 
Adrenalin injections contraindicated 
as they expose the patient to sudden 
death. Creosote carbonate 5 grains 
t.i.d., if case due to adrenal tuber- 
culosis. Rest to avoid the excess of 
toxic wastes which physical exertion 
])rovokes; foods poor in nucleins for 
the same reason. See also Diseases 
OF THE Aurenals, Vol. T. 

Contraindicated: Thyroid gland, 

which sei^’es only to excite the dis- 
eased structures; arsenic, which fur- 
ther depresses the already deficient 
adrenal functions; alcohol, which de- 
prives the blood of some of its oxy- 
gen, and stimulants in general which, 
hasten the morbid process. 
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Adiposis Dolorosa (Dercum’s Dis- 
ease). 

Characterized by the presence of 
rouglily synnnctrical masses of siib- 
ciit^iiieoiis fat in the limbs and trunk 
of middle-aged women, which masses 
are tlie seat of piiin and disorders of 
sensation. Due to inadcH}uate func> 
tioiial activity of the adrenal system 
and the resulting liyixjcatabolism of 
carbohydrates, tlie pain and parajs- 
thesia being tlie result of traction 
and pressure u{K>n the sensory nerves 
of the adipose masses. 

Treatment: Thyroid gland to en- 
hance catabolism, supplemented at 
intervals by a course of mereurials 
to actively stimulate the test-organ 
and tlirough it the adrenal system. 
Saline so/a/toM, subcutaneously or in- 
travenously or the free use of alka- 
line mineral waters to facilitate the 
elimination of catabolic wastes. See 
also Diseases of tjie ITiuitary, 
\o\, I. 

Alcoholism, Chronic. 1231, 1240, 1258 

A debilitated condition of the ad- 
renal .system caused by the immcHl- 
erate use of alcoliol as a beverage. 
It may either be inherited from alco- 
holic parents, when it is termed dip- 
soinaniOf or acquired. Hence the 
jiredisposition of the olfspring of al- 
coholics to disorders of nutrition, 
gout, rheumatism, etc., and their vul- 
nerability to infections; hence also 
the fatality of infectious diseases 
among all victims of chronic alcohol- 
ism: their adrenal system being de- 
praved, the auto-antitoxin and thy- 
roiodasc (opsonin) it is able to pro- 
duce is inadequate to protect them. 

Due to the continuous oxidation of 
alcohol in the blood at the expense 
of its adrcnoxi<lase, and deficient nu- 
trition of all organs, including those 
of the adrenal system: both lobes of 
the pituitary l)ody und their centers, 
the thyroid apparatus and the ad- 
renals. Tlie craving for drink is, 
aside from the gratification of the 
sense of taste, the expression of a 
physiological need of some agent ca- 
pable of counteracting the morbid 
effects of metabolism of the inellicient 
adrenal system. 

Treatment : The use of active stim- 
ulaiits of the test -organ to restore 
through it the functional activity of 
the adrenal system, avoiding, however. 


agents of this doss which expose the 
patient to a drug habit. Thyroid 
gland in small doses to stimulate the 
adrenal system and sensitize all or- 
gans, particularly the great nerve- 
centers. After two weeks mercury 
hiniodide in addition to act directly 
upon the test-organ and through it 
further excite the adrenal system, 
watching carefully for any evidence 
of salivation, when the dose should 
be reduced slightly. A month usu- 
ally sullices to produce considerable 
benefit, provided the abstention from 
alcohol be absolute, since it counter- 
acts the beneficial effects by deoxi- 
dizing the blood. At this time the 
blood is rich in auto-antitoxin and 
the vessel walls have resumed their 
normal tone. The mercury is now 
replaced by atropine (5/^20 
t.i.d.) to enhance the propulsive ac- 
tivity of the arterioles and thus in- 
crease gene/sil nutrition — inhibition 
of which had previously inspired the 
craving. 

To prevent recurrence, the al>ove 
treatment should be followed by the 
contiidious use? — one or two years — 
of strychnine or gold chloride, an- 
other active stimulant, with nutri- 
lious food, including coffee to sus- 
tain the activity of the test-organ 
and vasomotor center until all or- 
gans, including those of the adrenal 
system, have, through active intra- 
cellular metal)olism and the resulting 
nutrition, resumed their normal tone 
and re,si stance. 

Coni rain diva ted : Coca i ne, owing to 
the danger of initiating cocainism; 
morphine, which constricts the arte- 
rioles and inhibits nutrition; all 
hypnotics, chloral, broinidc^s, trional, 
sulphonal, etc., which act similarly 
by depressing the vasomotor center, 
and in large doses, the adrenal sy.s- 
tem besides. 

If when the alcohol is withdrawn 
there is excitement and insomnia 
hydrobromaic of hyoscin, which de- 
presses but slightly the blood and 
con.striets the arterioles, thus reduc- 
ing the b1(X)d admitted into the 
cerebro-spinal system (as well as in 
other orpins), may he usixl, but only 
as long as absolutely required. 


Amblyopia, Alcoholic 1231 

Amnesia 1258 
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Amyloid Liver (Waxy Liver). 

A condition in which a substance 
resembling starch, lard or wax is 
found more or less disseminated 
throughout the liver, characterized 
during life by enlargement of this 
organ, which under palpation is hard, 
smooth and painless. It is often as* 
sociatcd with amyloid spleen and kid- 
ney, and is not accompanied by jaun- 
dice or ascit(^s, except in far advanced 
cases. 

Due to the a(!Cumulation in the 
liver of cellular, especially leucocytic, 
detritus, glycogen and other carbohy- 
drates, etc., owing to two main mor- 
bid factors: (1) a deflciency of 
aiito-antitoxin in the blood to break 
down detritus and convert it into 
eliminable products, the result in 
turn of the functional inefficiency of 
the adrenal system to which the 
causative diseases (and sources of 
detritus) such ns rickets, tuberculo- 
sis, syphilis, etc., are primarily due; 
(2) a sufficiently great delicicncy of 
mineral salts in the blood and lymph 
to interfere with the osmotic proper- 
ties of these fluids and prevent free 
drainage of such organs as the liver, 
spleen, the lymphatics, etc., in which 
large accumulations of cells and de- 
tritus occur. 

Treatment: Before any drug is 

used: pure, linsterilized sea-water, 
beginning with tablespoonful doses 
t.i.d. and increasing gradually until, 
if possible, one-half tunihlerful is 
taken or equivalent saline beverages. 
In addition, a quart of hot (110® F.) 
saline solution jier rectum three times 
a week on retiring. ^Inhcutaneous or 
intravenom injeetiona of alkaline so- 
lutions are not indicated at first 
owing to the obstruction of the hepa- 
tic vessels, but may be used when the 
liver begins to recede. After two or 
three weeks of the above treatment, 
Ihyroid f/land to stimulate the ad- 
renal system and increase the propor- 
tion of auto-antitoxin and thyroiodasc 
(opsonin) in the blocxl to break down 
the detritus which may now he 
reached adequately owing to the im- 
proved osmotic properties of all Iwdy 
fluids. The iodides^ if thyroid extract 
is not available, or hiniodides of mer- 
cury intravenously. 

The diet should include vegetables 
to increase the body’s asset in alka- 
line salts. 


Amyloid Spleen or Kidney. 

Due to conditions similar to those 
that prevail in amyloid liver and sub- 
ject to a similar line of treatment, 
avoiding, however, the subcutaneous 
and intravenous use of saline^ solution 
if there is any reason to believe that 


the kidney is obstructed to any 
marked degree. 

Anaemia, treated in full 1771 

Anaemia, Pernicious, treated in 

full 1778 

Anemia, Splenic. 


Characterized by symptoms of 
marked anaemia, with a yellowish 
tinge of the skin and mucous meni- 
braries, emaciation, weakness, dysp* 
nwa, palpitations, fever, a tendency 
to h®m()rrhag(‘s, (cdcma in advanced 
cases, and mental torpor, with the 
physical signs of enlarged spleen, 
line to overactivity of the spleen and 
the production of an excessive amount 
of its internal secretion (nucleo-pro- 
teid), which combines with the pan- 
creatic internal secretion in the 
splenic vein. The excess of phos- 
phorus-laden nucleo-proteid, by com- 
bining with the adrenoxidase of the 
blood, enhances the proteolytic activ- 
ity of the latter excessively and haem- 
ol^ysis occurs, ns in p(‘riiicious anicmia, 
the red coiqiuscles being soinctiincs re- 
duced to 1 , 000 , 000 . 

Treatment: Same as in pernicious 
an.Tmia ((pv.) with intravenous injec- 
tions of warm saline solution to in- 
crease the llui<lity and osmotic prop- 
erties of the blood as soon as possible, 
followed by the free use of water. 

Angina Pectoris, treated in full. 1565 

Angioneurotic (Edema. 

Oiaracterizcd by the sudden ap- 
pearance around the eyes, on the face, 
hands or other regions, of soft 
<cdcmatoua swellings which some- 
times are the seat of redness, heat 
and itching. When the larynx is thus 
affected, death may occur from 
(edema of tlu^ glottis. Due to sud- 
den dilation of the arterioles of the. 
affected areas, owing to a temporary 
paresis of the corresponding neurons 
in the sympathetic center. 

Tnmtment; Antipyrin or acetani- 
lid to arrest the attack by exciting 
the sympathetic center, or * morphine 
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hypodermically in urgent cases. 
strychnine to increase the functional 
activity of the adrenal center and 
increase general nutrition, including 
that of the debilitated neurons. 

Anorexia Nervosa. 

Characterized by loss of appetite 
and an extreme aversion for food, 
adynamia, dyspnoea, verti^j and occa- 
sionally vomiting. Sometimes proves 
fatal through inanition. 

Due to functional torpor of the 
adrenal system followed by imperfect 
nutrition of the body at large, includ- 
ing the pituitary body and its centers, 
and the vasomotor center. All ves- 
sels being dilated, the blood recedes 
from the capillaries, including those 
of the gastric mucosa, and appetite 
is not awakened by the latter, just as 
dyspnoea is caused by the deficiency 
of blood which circulates in the al- 
veolar capillaries, the vertigo by the 
cerebral iscluemia, etc. 

Treatment: Strychnine hypoder- 
mically to excite tlie test-organ and 
through it the adrenal system, fol- 
lowed, after two or three days, by 
atropine hypodermically to enhance 
the propulsive activity of the arte- 
rioles, including those of the stom- 
ach. Forced feeding with the stom- 
ach tube or per rectum. 

Anosmia 109 

Absence of the sense of smell, due 
to imperfect lubrication, catarrhal 
infiammation, or iscluemia, of the 
olfactory area, the nervous elements 
in the latter case being insufiiciently 
supplied with blood to take cogniz- 
ance of olfactory impressions. The 
central transmission of the latter 
may also be due to any lesion of the 
olfactory tract. 

Treatment of the causative disor- 
der. All cases that are not due to 
a destructive lesion are benefited bj' 
strychnine f which increases metabolic 
activity and raises the blood-pressure 
in the olfactory area ns elsewhere, 
and the frequent use of a coarse, 
lukewarm spray of saline solution in 
the nasal cavities to lubricate them. 

Anthrax. 

An infectious disease transmitted 
to man by the flesh, fluids, and hair 
or wool of infected animals, espe- 
cially cattle and sheep. The anthrax 
bacillus, which may be ingested or 


inhaled from contaminated animals, 
or infect an abraded surface, multi- 
plies rapidly in the body fluids. In 
internal anthrax, the toxin (anthra- 
cin) provokes a more or less violent 
defensive reaction of the adrenal sys- 
tem, including high fever; but, in 
malignant cases, the centers are soon 
paralyzed by the poison, the sympa- 
thetic center being the first to yield. 
The arterioles being relaxed, cutane- 
ous hyperflcmia, fedema {malignant 
anthrax (edema) and even gangrene 
may occur. Infection through the 
alimentary canal {intestinal an- 
thrax) is ushered in by nausea, vom- 
iting, abdominal pain and bloody 
diarrhuea, in addition to the febrile 
manifestation. Infection through the 
lungs (wool-sorter’s disease) adds an 
acute bronchitis to the symptoms of 
gfmeral infection, death ensuing very 
rapidly. 

In the form most frequently met 
wdth: inoculation through an abra- 
sion from infected rags, wool or hides 
{malignant pustule) ^ there is at first 
a local burning pain and itching; a 
red papule appears which soon be- 
comes a vesicle containing bloody 
sewum. This papule ruptures and 
forms a dark scab surrounded by 
miliary vesicles and cedema. This 
(^institutes the form of general infec- 
tion. 

Treatment: Excision of the pus- 
tule, or at least vigorous cauterisa- 
tion after opening it freely, is nec- 
essary. Chloroform ansesthesia can 
only prove beneficial by causing a 
high vascular pressure, crowding 
blood into the diseased area and pro- 
moting hiemorrhage therefrom. It 
should be employed, therefore, to do 
the surgical work thoroughly. 

To offset the toxtemia in both ex- 
ternal and internal anthrax, hinio- 
didc of mercury intravenously to in- 
crease the blood’s auto-antitoxin at 
once, with thyroid gland to increase 
its thyroiodase (opsonin). Or, calo- 
mel in small doses frequently re- 
jieated until the shails liecomc green- 
i.sh, and quinine in full doses, to drive 
auto-antitoxin-laden blood into the 
peripheral capillaries or those of the 
internal organs affected — in order to 
pixmiote active phagocytosis and bac- 
teriolysis therein, the patient’s only 
salvation. 

Apoplexy. See Cerebral Haemorrhage. • 
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Appendioitls 1377 

An inflammation of the vermiform 
appendix which may be catarrhal or 
ulcerative, and entail, in the hitter 
case, gan^cne or perforation of the 
organ, with infection of the perito- 
neum. 

Due to any condition which lowers 
the secretory efTicieney of the lym- 
phoid follicles of the appendix, or 
which, to any marked degree, inhibits 
the bacteriolytic activity of the auto- 
antitoxin their secretion contains. 
Concretions, foreign bodies, intestinal 
entozoa, etc., are prcdis[)osing factors, 
but the most important agencies of 
this kind are : ( 1 ) General adynamia, 
neurasthenia, debilitating agencies 
such as fatigue, influenza, etc., ivliich 
involve depression of the functional 
activity of the adrenal system; (2) 
blows or contusions in the appendicu- 
lar region, which lower the vitality 
of all its cellular elements, and — 
probably the most frequent exciting 
cause of acute attacks — (3) more or 
less sudden chilling of the abdomen, 
especially when it is warm and moist, 
in the appendicular area, the lowered 
temperature to which the bacterio- 
lytic constituent of the appendical 
.auto-antitoxin (the ferment trypsin) 
is exposed, inhibiting its activity, and 
thus giving free sway to the micro- 
organisms the organ contains, viz., the 
ubiquitous bacillus coli communis, tho 
streptococcus pyogenes, the staphylo- 
coccus pyogenes aureus, tlie proteus 
vulgaris, etc., and any specific germ 
that may be present. 

Treatment: Whether medical or 

surgical, this must be based upon 
the fact that the vermiform appendix 
is not, as now taught in text-books, 
a functionlcss structure of low vital- 
ity, but that the role of its lymphoid 
tissue is to secrete a relatively large 
quantity of succus entericus contain- 
ing auto-antitoxin which has for its 
purpose (aided by phagocytes) to in- 
sure asepsis of the cavity of the ap- 
pendix itself; and of the crecal cav- 
ity — which is particularly exposed to 
the accumulation of putrefactive ma- 
terials — into which the appendix se- 
cretes it. The aim should be, there- 
fore, to increase rapidly the blood’s 
asset in auto-antitoxin and thyroi- 
odase, and, thereby, the bacteriolytic 
and antitoxic efficiency of the appen- 
dical secretion, and also the amount 
of the latter. 


Calomel, in doses every 

fifteen minutes, and thyroid ylaiid, 

2 grains every three hours, most ef- 
fectually accomplish this object. The 
spread of the infection will be re- 
stricted, the likelihood of hsemorrhnge 
diminished by the increase of fibrin - 
ferment (adrenoxidase) in the blood, 
while the chances of recovery should 
surgical measures prove necessary (if 
distinct improvement docs not occur 
within forty-eight hours) are greatly 
increased. J^est in bed is imperative, 
with hot applications (hot- water bag, 
poultices, ete.) over the painful area 
to increase the proteolytic efficiency 
of its auto-antitoxin and relieve pain. 
A milk diet assists materially the 
curative procc*ss, sodium chloride be- 
ing added as freely as the taste of tho 
patient will allow. Milk and Vichy, 
equal parts, form a palatable drink 
which tends further to preserve the 
osmotic properties of the blood. To 
deprive the patient of fluids, as ad- 
vised by some, is a mistake, since they 
— ^at least milk and water — are ab- , 
sorbed long before the c»cum is 
reached. The boivcls should be emp- 
tied daily with w^arm saline solution 
enemata, adding two teaspoonfuls of 
glycerine to the pint of solution if 
free action is not obtained. 

Arteriosclerosis, treated in full. 1548 

Arthritis Deformans. 

A disease distinct from rheumatism 
and gout, characterized by degenera- 
tive changfis in the synovial mem- 
brane, cartilages and bones of the 
joints, and leading to deformity of 
the latter. Tn the acute polyarticular 
form, which occurs usually in young 
\vomen as a result of pregnancy, the 
joint is painful and red and there is 
fever, and subsequently mental depres- 
sion. In the chronic polyarticular 
form, there is pain, impaired mobility 
and nodules in many joints, especially 
those of the hands, with pariesthesias, 
sometimes slight fever, and muscular 
atrophy. In the monoarticular form, 
often observed in aged subjects, larm 
joints such as the hip (morbus coxse), 
shoulder or knee, are the seats of 
predilection and subluxations are fre- 
quent. Uaherden's nodes occur in the 
distal finger-joints, which at times 
become tender or actually painful 
with cutaneous redness and tumefac- 
tion, and are usually observed in 
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middle-aged women, usually causing 
pain, but only on motion. 

Due to deficient nutrition of the 
joints, or muscles affected owing to 
deficient propulsive activity of the 
arterioles, a result, in turn, of paresis 
of their sympathetic nerve-supply. 
The polyarticular forms are due to 
impairment of the functions of the 
sympathetic center — the main one of 
semorium commune; hence the fact 
that shock, worry, grief, uterine dis- 
orders, etc., are prominent etiological 
factors of the disease. The monoar- 
ticular forms are mainly the result of 
traumatism, freezing, etc., which para- 
lyze t(*mporarily the vessel walls of 
tile exposed parts; and in aged sub- 
jects, to senile degeneration of their 
sympathetic fibers. 

Treatment; This should aim to in- 
crease nutrition of the body at largi* 
and therefore of the sympathetic cen- 
ter. Bin iodide of mercury to excite 
the test-organ and through it the ail- 
renal system, alternating with the io- 
dides in full doses and given in large 
dilution. Painting of the diseased 
joints with tincture of iodine to pro- 
voke irritation and increase the local 
blood-supply. After a month or so, 
atropine or tincture of belladonna to 
excite the sjmipathetic center and re- 
store the propulsive activity of the 
peripheral arterioles. Dry hot air to 
the joints to enhance the proteolytic 
activity of their auto-antitoxin and 
promote the destruction of abnormal 
formations, and at least one quart of 
some alkaline mineral water such as 
Ballardvale, or Londonderry Lithia, to 
insure a free elimination of detritus. 

Ascites. 

An accumulation of fluid in the ab- 
domen through engorgement of the 
vessels that drain the peritoneum, the 
most frequent cause of which is ob- 
struction of the portal circulation by 
hepatic diseases, cirrhosis, for exam- 
ple; tumors in the liver, or external 
to it, i.e.y in the peritoneum, spleen, 
etc. ; obstruction to the lymphatic 
circulation; chronic inflammation or 
disease of the peritoneum (tuberculo- 
sis, syphilis, etc.) and various disor- 
ders of the heart and lungs. 

Treatment: Tapping and treat- 

ment of the causative disease, several 
of which, tuberculosis, cancer, etc., are 
amenable through the intermediary of 
the adrenal system. 


Afliatio Cholera, treated in full. 1720 

Asthenio Glycosuria, treated in 

full 1597 

Asthma, Bronchial, treated in 

full 1699 

Berl-berl. 

An endemic multiple neuritis ob- 
served especially among seamen, char- 
acterized by paroistlicsias, anfesthesi.*!, 
amemia, more or less (edema begin- 
ning in the legs, rapid and weak 
h(*art action, dyspnma, fever, loss of 
tendon reflexes and muscular atrophy. 

Due to any poison such as flsh 
ptornains, toxin, etc., which depresses 
the functional activity of the vaso- 
motor center, the blood being caused 
to recede in the deeper ve-ssels, owing 
to the general relaxation of the arte- 
ries. The latter condition is the 
cause also of the oedema which begins 
in the most dependent portion of the 
body, while recession of the blood 
from the peripheral capillaries ac- 
counts for the anflBsthesia and other 
parjRsthesias, and for the muscular 
atrophy. 

Treatment: Ergot and the other 
agents of the oxytocic group are di- 
rect antagonists of this condition, but 
their action can only be ephemeral- 
even though the causative conditions 
be removed — until the organs of the 
adrenal systenn (the pituitary and 
thyroid being also hypoaciive becaiis<‘ 
of iscluemia ) arc made* to resume 
their normal activity: thyroid gland 
in 2-grain doses, t.i.d., and hin- 
iodide of mercury ^ by jointly stimu- 
lating the adrenal center, not only 
j)roduce this effect, but tend to cause 
constriction of the arteries by increas- 
ing nutrition of their muscular coat. 
Ergot may then be used to excite the 
vasomotor center, the effect being sus- 
tained subsequently with strychnine. 

Bilious Headache. See Migraine. 

Breast-pang. 8ec Angina Pectoris. 

Bright’s Disease, Chronic 1383 

Bronchial Asthma. See Asthma. 

Bronchiectasis. 

Bronchial dilation due to weakness 
of the bronchial walls as a result of 
the unusual strain imposed upon them 
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during coughing in the course of 
chi-onic bronchial disorders, bronchi' 
tis, tuberculosis, broncho-pneumonia, 
pertussis, etc. It may also follow 
bronchial ob.struction by a foreign 
body, accumulated secretions, com- 
pression by a tumor, an aneurism, 
etc., traction through fibroid indura- 
tion and may occur as a congenital 
defect. It gives rise to persistent, 
paro.vysmal, morning cough, awom- 
panied by the expectoration of large 
quantiti<'s of yellow-green niuco-pus 
which divides into three layers: the 
upper, thin and frothy, the middle 
mucoid, and the third of pus contain- 
ing detritus, fat and hajinatoYdin crys- 
tals, red corpuscles, etc. It does not 
per se cause fever. 

Treatment: That of the aceom- 

])anying disease. The diminution of 
the broncliial muco-pus is greatly 
facilitated by saline solution used 
subcutiuieously to enhance the finid- 
ity of the blood, while thyroid gland 
in small doses (1 grain t.i.d.) with 
creosote carbonate, given in capsules 
in increasing doses not only increases 
the proportion of auto-antitoxin and 
thyroiodase in the hlood by stimulat- 
ing the adrenal system, but also the 
volume of blood admitted into the dis- 
eased tissues, thus promoting resolu- 
tion. 

Bronchitis, Acute, treated in 

full 1692 

Bronchitis, Capillary. See Jlroncho- 
pneuinonia. 

Bronchitis, Chronic, 1168, 1231, 1239, 
1380. 

A chronic inflammation of the 
bronchial mucosa, usually bilateral, 
attended by stubborn nocturnal and 
morning cough and accumulation of 
mu(fo-])urulent material in the respir- 
atory tract. There may be slight 
fever, but as a rule, the general 
health remains good until the ex- 
])ectoration l)ecomes excessive, when 
emaciation may occur. The quantity 
voided sometimes reaches two quarts 
in the twenty- four hours: hranchor- 
rhwa, while ronversely it may be very 
limited, tenacious and viscid: dry 
bronchitis. Th^ secretions may also 
remain sufficiently long in the air- 
passages to become putrid and very 
offensive: the ffrtid or putrid form 


which may be accompanied by emacia- 
tion, amemia, adynamia and fever. 

Due to any condition of internal or 
external origin which causes undue 
and prolonged irritation of the bron- 
chial mucosa, lliis may be caused by 
reptnited colds, i.c., through recurring 
irritation of the mucosa hy interme- 
diate products of mctaliolism from the 
rc'gion exjwsed to cold and damp 
which arc eliminated by all channels, 
even vicariously through the secret- 
ing elements of the bronchi — a com- 
plication also of Briglit’s disease; or 
through a similar process carried on 
by toxins in influenza, measles, pneu- 
monia, etc.; the local irritation at- 
tending the morbid process in tuber- 
culosis, and other local disorders — all 
aggravated by the rise of blood-pres- 
sure which occurs in the course of 
many of these disorders, and which 
provokes marked hyp<?ra;mia of the 
bronchial capillaries. 

Treatment: As in all cases of 

chronic bronchitis of endogenous 
origin that are at all severe, the 
mucosa remains “inflamed” owing to 
the pathogimic siihstances in the 
blood; the treatment should aim to 
rid the body of their presence: 
line solution hypodermically or sub- 
cutaneously to proniob^ osmosis, to 
facilitiite the circulation of the 
plasma through the ultimate bron- 
chial capillaries and to enhance the 
elimination of detritus by the kid- 
neys and the bronchial muco.sa. This 
is materially aided hy a few days* 
reduced or milh diet. Tlien thyroid 
gland in 2-grain doses after each 
meal, reduced to 1 grain the second 
week, but giving in addition creosote 
carbonate in capsules in 10-grain 
doses, increasing by 5 grains weekly 
until 30 grains are tiiken three times 
daily. The thyroid gland increases 
the auto-antitoxin and thyroiodase of 
the blood, while the crtnisote enhances 
this action, and by exciting the pro- 
pulsive action of the pulmonary arte- 
rioles, floods the diseased area with 
curative hlood. The iodides may be 
used instead of the thyroid, but are 
less actiAT. To sustiiiii the beneficial 
effects after rewivery, strychnine, 
digitalis and coca are the most effi- 
cient remedies. The patient should 
drink at least one quart of Vichy 
mineral rcater daily to sustain the 
osmotic properties of his blood and 
lymph. 
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Broncho-pnenmonla, treated in 

full 1681 

Bubonic Pla^riie. See Plague. 

Caisson Disease. 

Occurs in workers in caissons, div- 
ing bells, etc., as a result of the su- 
pranormal atmospheric pressure to 
which they are submitted therein, and 
is characterized within twenty or 
thirty minutes after returning to 
normal air-pressure by vertigo, parss- 
thesias, muscular hypertesthesiu, pain 
in the head, ears, joints and epigas- 
trium, vomiting and, in severe cases, 
coma and death. Paralysis, espe- 
cially paraplegia, is a characteristic 
complication which comes on sud- 
denly. 

Due to excessive compression of the 
capillaries in the superficial and soft 
tissues, and forceful projection of 
their blood into the deeper vessels 
and into those capillaries which, such 
as those ift the deeper organs or 
cerebrospinal system, are protected 
from the pressure through their situ- 
ation or bony covering — the vertebral 
column and, skull in the latter case. 
The blood-plasma in the nervous ele- 
ments, neuroglia, cell-bodies, den- 
drites, etc., through the centrifugal 
pressure thus exercised, become ab- 
normally dilated — ^a condition which, 
repeatedj finally impairs their func- 
tional integrity — the source of tho 
paralytic phenomena. This applies as 
well to the capillaries of other tis- 
sues, their dilation, followed by sud- 
den hyperajmia, when exposure to 
normal atmospheric pressure is re- 
sumed, accounting for the pain, mus- 
cular hypereesthesia, etc., observed. 

Treatment: The aim should be to 
place tho worker’s vascular system in 
a condition such ns to avoid the 
pathogenic capillary congestion. He 
should avoid coffee, tea, alcohol and 
much red meat, to prevent a high 
blood-pressure. Almost absolute pro- 
tection could be afforded — if prac- 
ticable — ^by the use, twenty minutes 
l)efore entering the caisson, of sodium 
bromide — repeating the dose as neces- 
sary — to depress the vasomotor cen- 
ter, and thus cause dilation of the 
large blood-channels of the splanchnic 
area, and ischcemia of the peripheral 
capillaries. The effect of excessive 

{ iressure would thus be annulled at 
east to a material degree. 


The treatment of developed symp* 
toms should be on similar lines, tho^ 
bromides, chloral^ verairum viride 
and kindred drugs being used to sus- 
tain for ft time the ischiemia of the^ 
nervous elements, thus enabling them 
gradually to resume their normal 
caliber. Massage (light) and elec- 
irwity to the muscles are not only 
of material aid to the tissues excited,, 
but also to central nerve-cells through 
reflex action. 

Cancer, treated in full 139(h 

Carcinoma. See Cancer. 

Catarrhal Pneumonia. See Broncho* 
pneumonia. 

Cerebral Abscess. See Encephalitis^ 

Cerebral Apoplexy. See Cerebral 
Hemorrhage. 

Cerebral Hemorrhage, treated 

in full 1573- 

Cerebral Thrombosis and Embolismr 
Characterized by plugging of an 
artery or vein by (1) a blood-clot 
formed in situ (thrombosis) in the 
course of vascular disorders, weak 
heart, blood disorders, ligation of the 
carotid, etc., the middle-cerebral and 
basilar arteries being those most fre- 
quently affected; or (2) by a mass 
of valvular vegetation, a calcareous 
or atheromatous fragment, a fraction 
of embolus, etc., carried to the left 
middle-cerebral or vertebral branches 
of the carotid, by the blood-stream 
(embolism). Either condition may 
give rise to headache, delirium, stu- 
por, convulsions, muscular rigidity 
and coma, especially in the cases that 
occur during the cachectic periods 
of cancer, phthisis, etc., complicated 
with symptoms of sepsis, in cases due 
to infectious fevers, aural abscesses, 
mastoiditis, etc. * 

Due to a great extent, in cases that 
occur during febrile and cachectic dis- 
orders especially, to a deficiency of 
alkaline salts and water in the blood. 
The relative proportion of fibrin-fer- 
ment (adrenoxidase) being excessive, 
clots are readily formed. Again, 
w'hen the osmotic properties and 
fluidity of the blood are inadequate, 
its proteolytic activity and the pro- 
tective activity of the phagocytes are 
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oorrespondi^ly impaired and destruc- 
tion of detritus, including particles of 
vegetations from the heart, atheroma- 
tous vessels, etc., fails to be accom- 
plished and emboli are formed. 

Treatment: The preventive meas- 
ures are self-evident: the use of sa- 
line solution in the course of all 
febrile, processes, including cachexias, 
as advocated in this work. 

The treatment of the conditions 
themselves requires considerable cir- 
cumspection. To administer the io- 
dides, digitalis, strophanthus, quinine, 
etc., as advocated in text-hooks is 
dangerous practice, since it is likely 
to increase the chances of death by 
adding fibrin-ferment to the blood. If 
thrombosis or embolism occur during 
cachexias or infections saline solution 
subcutaneously in small doses fre- 
quently repeated, or if impracticable, 
per rectum. After a couple of weeks, 
if required at all, the iodides may 
be used in gradually increased doses 
to remove what detritus continues to 
provoke vascular obstruction, by in- 
creasing the proteolytic activity of 
the blood and of the phagocytes. 

Cerebrospinal Fever. See Meningitis. 

Chlorosis, treated in full 1784 

Cholangitis, Catarrhal (Acute Jaun* 
dice). 

Characterized by jaundice of one 
to six weeks’ duration, slight hepatic 
tenderness with increase of the dull- 
ness area, and pruritus; and, in se- 
vere cases, marked weakness, fever 
and gastro-duodcnal disorders. 

Due to incomplete obstruction of the 
duct through local irritation by poi- 
sons contained in the bile, viz., toxic 
wastes duo to inhibited metallism, 
as after emotions, exposure, cold, or 
retained owing to renal disease; the 
toxins of typhoid fever, pneumonia 
and other infectious diseases, imper- 
fectly digested materials (acute indi- 
gestion), etc., and also to concurrent 
abnormal viscidity of the bile. 

Treatment: In ordinary cases (in- 
dependent of infections) a milk and 
bread diet^ to reduce to a minimum 
the w'astes formed, and sodium chlo- 
ride in the milk ingested to increase 
the osmotic properties of the hepatic 
blood, with two quarts of some alka- 
line mineral water, preferably Vichy, 
daily. Vegetables should constitute 


the main food after a few days of 
milk diet, to supply the blood with 
alkaline salts. Drugs should bo 
avoided. 

Cholangitis, Obstructive. 

Due to incomplete obstruction of the 
common duct by gall-stones, the pres- 
sure of a cancer, a stricture, external 
pressure, etc;., and characterized by 
'intermittent hepatic fever,” due to 
stimulation of the adrenal system by 
])eriodical accumulations of poisonous 
constituents of the bile in the blood, 
in which jaundice, chills, fever, sweat- 
ing and sometimes pain, recur inter- 
mittently for weeks. When the ob- 
struction is complete, there are: 
marked jaundice of the skin and sole-; 
rotic, clay-colored stools devoid of 
bile, yellowish -brown urine, a slow 
pulse, anorexia, foul breath, nausea, 
gastro-intestinal hfemorrhages, albu- 
minuria, irritability, headache, fever, 
and in some cases delirium, convul- 
sions and coma — all due to the tox- 
semia which, unless successfully an- 
tagonized by the ovcractivity of the 
adrenal system it engenders, is fol- 
lowed by excessive excitation of the 
vascular centers with the morbid phe- 
nomena (except fever) recited as re- 
sult. 

Treatment; That of the condition 
vvhich the obstruction is due, but 
plemented by the use of saline so- 
on and other measures indicated 
er the preceding heading. 

•lecystitls. Acute Infectious. 

m inflammation of the gall-bladder 
sed by bacteria or their toxins — 
typhoid, colon and pneumonia 
ms especially — and favored by the 
aence of gall-stones, inflammatory 
csions, etc. The organ is distended 
1 mucus, muco-pus or pus, which 
ditions sometimes lead to perfora- 
I, haemorrhage and gangrene, which 
V prove lethal. The symptoms, 
le from local jmin and tenderness 
L distension of the organ, are those 
n general infection: chills, fever 
I sweats, and often vomiting and, 
reqiiently, jaundice. 

Treatment; Surgical intervention 
5ften necessary to save life, ^for- 
nc to relieve pain, facilitates nor- 
1 evacuation of the cystic contents 
causing ischromia aiid relaxations 
its tissues, through the contraction 
the arterioles it produces. Voun- 
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ter-irritation and heat over the organ 
by bringing blood thereto, tend to 
enhance the local antitoxic process; 
this may be further activated by 
hourly doses of Vw grain of calo- 
mel to stimulate the adrenal system 
and increase the proportion of' anti- 
toxin in the blood. More benefit is 
obtained, however, by the intravenous 
use of hot (110® r.) saline solution 
which, by promptly increasing the 
fluidity of the blood and secretions, 
facilitates evacuation of the gall-blad- 
der itself, besides being beneficial in 
the infections in which it occurs. 

Cholelithiasis. 

Gall-stone, formed of cholesterin 
and lime-salts secreted in excess by 
the mucous membrane of the gall- 
bladder around a nucleus of bacteria, 
epithelial cells, bile-pigment and, oc- 
casionally, a foreign lx)dy. Its for- 
mation is due to inadc<piate fluidity 
of the bile and to the local catarrhal 
inflammation it provokes when in this 
condition, especially when laden with 
micro-organisms. 

I'he symptoms, due to the passago 
of a stone from the gall-bladder 
through the cystic and common ducts, 
arc: very sudden and severe pain, 
starting in the region of the gall- 
bladder and radiating over the abdo- 
men and toward the right shoulder; 
chills, fever, nausea, vomiting, then 
cold-sweats, rapid and weak pulse, 
and, in severe cases, shock and col- 
lapse. When the stone has passinl 
into the intestine, more or less sudden 
relief is experienced. 

Treatment: To relieve pain and 
facilitate the passage of the stone 
into the intestine, it is necessary to 
reduce the local congestion and cause 
relaxation of the cystic and common 
ducts: Morphine grain hypoder- 
mically to constrict the arterioles, 
and potassium bromide orally (30 
grains largely diluted) to depress the 
blood-pressure or chloral hydrate per 
rectum if the bromide salt is not re- 
tained. The dislodgment of the stone 
is facilitated by intravenous injections 
of hot (110® F.) saline solution, the 
mode of action being similar to that 
of the waters taken at mineral 
springs, t.e., it promotes the osmotic 
properties of all fluids including those 
which are present in the gall-bladder 
along with the gall-stones. Hence the 
great efficacy of Carlsbad waters in 


chronic cholelithiasis. The free use 
of alkaline mineral waters in such 
cases is the best preventive by insur- 
ing the fluidity of the bile. 

Cholera Aslatlca. See Asiatic Chol- 
era. 

Cholera Infantum, treated in 

full 1737 

Cholera Morbus, trcattnl in full. 1734 

Chorea, Acute, 1289, 1293, 1317, 1323. 
1324, 1325. 

Due to the presence in the blood 
of any poison capable of exciting 
abnormally and continuously the 
vasomotor center, the general vaso- 
constriction produced keeping up ab- 
normal functional activity in all tis- 
sues, especially the muscles and 
nervous system, through the hyi)er- 
annia produced therein. The exciting 
cause may either be (1) wastes 
formed through excessive metabolism, 
as in the chorea of adolescents, preg- 
nant or parturient women, iodoform 
poisoning, etc., or as a result of 
hypocatalwlism, as in the aged, gouty 
or rheumatic subjects; (2) toxins 
such as those of scarlet fever, measles, 
typhoid fever; or, (3) autotoxins, as 
in the chorea which sometimes occurs 
in dyspeptic subjects. 

Treatment: As the majority of 

cases which occur in adolescents are 
due to hypermetabolism: arsenic to 
depress the test-organ, t.c., the func- 
tional activity of the adrenal center 
and, therefore, the nutrition of all 
organs, including the sympathetic and 
vasomotor centers, thus causing re- 
laxation of the hyi)erconstricted ar- 
teries. Less valuable are: chloral, 
which depresses the adrenal system 
and tiie vasomotor center, and by 
causing relaxation of all arteries 
withdraws the blood from the capil- 
laries of the excited organa; anti- 
pyrin or ncetanilid, which by causing 
CMmstriction of the arterioles reduce 
the quantity of blood admitted into 
the tissues. 

In chorea due to inadequate ca- 
tabolic activity, as in senile, gouty 
or rheumatic subjects, the iodides, or 
small doses of thyroid gland, by en- 
hancing the destruction of wastes re- 
duce the sensitiveness of the sympa- 
thetic center. In all forms scUine so- 
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lution cnemata and the free use of 
mineral waters as beverage hasten the 
curative process by facilitating the 
elimination of the pathogenic toxics. 

Chorea is closely associated with 
epilepsy, and the dietetic measures 
advocated in the latter disease are 
also indicated in the former. 

Chorea, Chronic. 

Due in predisposed subjects to in- 
ade(|uate activity of the adrenal sys- 
tem and irritation of the vasomotor 
center by toxic wastes, the resulting 
hyperaniiia of the cortex giving rise 
to vicarious voluntsiry movements. 

Treatment the same as for acute 
chorea in gouty or senile subjects. 

Chorea, Postparalytic. 

Characterized by choreiform move- 
ments immediately before or after 
cerebral disorders which involve cere- 
bral ])ressurc, as by the coagulum 
after cerebral hemorrhage. The move- 
ments differ with the cerebral areas 
compressed. Prehemiplegic chorea 
usually occurs in the limb about to 
be paralyzed, while posl-hemiplegie 
chorea may affect limbs that have 
been paralyzed and indicates return- 
ing motion; but most cases occur 
as a result of infantile hemiplegia; 
it is often followed by contractures 
and lumii-aniBsthesia. 

Treatment: As the morbid effects 
are due to pressure, the aim should be 
to promote the absorption of the 
blood-clot or other substance causing 
it. In prehemiplegic chorea, when 
detected — the movements being some- 
times very slight — the timely use of 
potassium bromide to depress the 
vasomotor center and the blood-pres- 
sure; a saline purgative to rid the 
intestine of any substance which may 
provoke auto-intoxication and supra- 
normal vascular tension, and the fur- 
ther prevention of this potent factor 
of c(‘r(‘bral h®morrhnge by appro- 
priate diet, viz., the omission of red 
meats, coffee, ten, alcohol, ete. ; the 
avoidance of fatigue, which entails 
the formation of an excess of sarco- 
lactic acid (also a vasomotor stimu- 
lant), may do much to prevent the 
luemorrhage and the resulting hemi- 
plegia. 

Choreiform Disorders. 

Several of these, now differentiated 
by separate names, are traceable to 


the presence in the blood of some tis- 
sue-waste capable of keeping the vas- 
cular centers — sympathetic and vaso- 
motor — in a more or less constant 
state of erethism. The resulting high 
vascular tension causing hyperffiinia 
of all organs, including the brain, the 
latter is hypersensitive to exogenous 
impressions and hyperrespoiisive in 
the coordination of concepts and of 
voluntary impulses to the spinal sys- 
tem. 

This cerebral hyperajsthesia under- 
lies various more or less morbid 
states: Vhorva major or epidemic, 
jumping, springing, or gesticulating 
under the inlluence of religious ex- 
citement, is caused by the ilood of 
wastes with which these violent ac- 
tions burden the blood; even epilep- 
tic convulsions may result. In im- 
pulsive tic the cerebral hyperesthesia 
prei‘xists and any part of the hyper- 
semic cortex readily becomes habitu- 
ated to the coil rdi nation of movements 
carried out through the spinal or 
motor system: grimaees, winking, 
sudden motions of any extremity. 
Mental concepts may underlie these 
motor impulses, as when there are 
mimicry and rapid repetition of words 
(echolalia), obscene expressions (co- 
prolalia), a repetition of the motions 
of others (echokinesis) or of the 
names of others (onomatomania), etc. 
Habit chorea or spasm, which occurs 
mainly in young girls, differs littlo 
if at all from the above, the sniffing, 
grimaces, shrugging of the shoulder, 
shaking of the head, etc., being also 
but the expression of acts cofirdinated 
by hypersensitive cerebral cells. The 
complex coordinated tics, such as the 
“head-nodding” or “banging.” or the 
“bed-rocking” of children, all belong 
to the same category. 

Treatment: As the spasmogenic 

wastes may be due to hypermetabo- 
lism or hypocatabolisin, the first step 
is to ascertain which of these condi- 
tions prevails. In chorea major: a 
few days’ rest to permit the breaking 
down of the spasmogenic wastes and 
their elimination, the free use of 
ira/cr to facilitate this process, and 
perhaps a saline purgative to hasten 
recovery. Impulsive tic of long dura- 
tion seems to resist all forms of treat- 
ment which prove effective in recently 
developed cases: that of chorea, with 
sustained effort to avoid the grimaces, 
etc. In the habit chorea of young 
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girls, auto-intoxication of intestinal 
origin is the usual cause of the ar- 
terial hyperconstriction. A weekly 
mline purgative, and Fowler’s solu- 
tion of arsenic, with a diet in which 
rod meats are partaken of sparingly, 
while water, or better, an alkaline 
water, especially Vichy, is used freely, 
usually insure prompt recovery. The 
complex coordinated tics occur, as a 
rule, in backward children or semi- 
cretins in which the catabolism of 
toxic wastes is .rn perfect. Here sa- 
line purgatives followed by small 
doses (one grain t.i.d.l of thyroid 
gland, by simultaneously ridding the 
intestinal canal of anj' cause of 
auto-intoxication while iticreasing the 
activity of the vital process of ca- 
tabolism, eliminate the cause of the 
disorder. 

Cirrhosis of the Liver. 

A term applied to a condition in 
which inflammatory destruction of 
the parenchyma is replaced b^ an 
overgrowth of connective tissue, 
whicii, in turn, gives rise in moat 
cases to sclerosis and shrinking of 
the organ. This constitutes atrophic 
cirrhosis. In some cases, the con- 
nective tissue formation is not fol- 
lowed by sclerosis and shrinking, but, 
on the contrary, the connective tissue 
accumulates in such quantities that 
the organ be<?omes greatly enlarged. 
This constitutes hypertrophic cirrho- 
sis. In a third class, the inflamma- 
tory process is initiated and sustained 
by the toxic constituent of the bile, 
which, in turn, is retained in the 
biliary hepatic channels as a result 
of obstruction of the gall-ducts by 
gall-stones, malignant or benign 
growths, etc., thus constituting hiti- 
ary cirrhosis. 

i)ue to the prolonged presence in 
the blof)d of any poison or toxin ca- 
pable of endowing the ^ilasma with 
suffleient proteolytic activity to en- 
able it to break dowm and digest the 
hepatic tissues, i.e., to provoke hepa- 
tic autolysis. The causes of this mor- 
bid process may be divided into three 
main classes: (1) Alcohol, the most 
prolific cause of the disease, incites 
it by becoming oxidized while passing 
through the liver, ’the oxygen being 
derived from the adrenoxidase of the 
hepatic blood, the heat-energy thus 
liberated increasing the digestive ac- 
tivity of the blood’s auto-antitoxin 


sufficiently to provoke death of the 
tissue-cells and hsemolysis; (2) the 
toxins or endotoxins of the pathogenic 
organisms of syphilis^f typhoid fever, 
tuberculosis, scarlatina, malaria, etc., 
and probably the toxin of the bacillus 
coli, also provoke it by causing exces- 
sive activity of the adrenal system, 
thus increasing inordinately the pro- 
portion of auto-antitoxin in the blood; 
(3) irritating soluble substances, poi- 
sons, condiments, toxic wastes (as in 
gout and rheumatism), etc., whether 
derived from the alimentary canal by 
way of the portal system, or retained 
in the liver owing to obstruction of 
the biliary ducts, may also act as 
cause, by provoking in the cellular 
elements which they irritate an in- 
flammatory auto-protective reaction 
which leads to local autolysis and 
necrosis. 

The primary lesion in all cases of 
true cirrhosis is cellular necrosis, 
whether brought on by local inflam- 
mation or direct autolysis. The con- 
nective tissue overgrowth is the result 
of an attempt at repair. At first 
highly cellular and vascular, it may, 
as in the hypertrophic form, exceed 
the needs of the process, but in most 
cases, it finally becomes converted into 
dense fibrous tissue which obliterates 
the gaps left by the necrosed ele- 
ments, causing simultaneously, how- 
ever, shrinkage of the organ. 

The symptoms are mainly those of 
hepatic obstruction: gastric disorders 
attended by nausea, anorexia, etc., and 
accumulation of mucus in the viscus 
with intestinal catarrh and constipa- 
tion, all due to passive hypersemia of 
the gastro-intestinal mucosa. When 
the portal vessels are sufficiently ob- 
structed, passive hyperiemia of all or- 
gans follows, and obstinate hamor- 
rhages, epistoxis, hocmatemesis, me- 
trorrhagia, luematuria, etc., which 
may prove fatal, occur; the veins of 
the surface, esjiecially those of the 
thorax and abdomen on a level with 
the liver, are dilated; hsemorrhoids 
also occur from the same cause; the 
spleen is also enlai*ged, owing to the 
intense blood-pressure to which it is 
subjected. When the gall-ducts are 
sufficiently involved the skin is sal- 
low and jaundice appears. Abdomi- 
nal dropsy is an advanced manifesta- 
tion of the vascular obstruction, and 
may extend to the legs. The urine is 
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usually scanty, highly colored, and 
loaded with urates. . 

Mental torpor, drowsiness, deli- 
rium and con^a are main terminal 
symptoms. 

In the atrophic form, the liver is 
large at first, but physical examina- 
tion soon shows recession of its tis- 
sues; jaundice is infrequent. In the 
hypertrophic form, the organ is large 
and remains so, and jaundice is, as 
a rule, slight but persistent and the 
urine contains bile; but there is no 
hicmaturia. In biliary cirrhosis, there 
is intense jaundice and the liver re- 
mains moderately enlarged. 

Treatment: Whichever form pre- 
vails, the first object is to arrest the 
intoxication which directly or indi- 
rectly causes the disease. Cessation 
of the use of alcohol, followed by bi- 
weekly saline laxatives (avoiding mer- 
curial and other purgatives which 
stimulate the adrenal system) and 
a milk diet for a few days, sullicc in 
incipient cases to initiate convales- 
cence. To insure recovery a diet just 
sufficient to nourish the body and the 
free use of water should be persisted 
in. In more advanced cases, charac- 
terized by marked venous distension 
and hsemorrha^es, hot (110® F.) sa- 
line solution injections subcutaneously 
or intravenously in addition, to re- 
duce the toxicity of the blood, facili- 
tate osmosis and, therefore, the per- 
meability of the hepatic channels, 
thus relieving the blood-pressure. 
This applies also to the cirrhosis 
that follows acute infections. This 
complication would never occur if sa- 
line solution were used freely in the 
course of all febrile diseases. 

Drugs are more harmful than bene- 
ficial, especially mercury and the io- 
dides, which increase the proportion 
of auto-antitoxin in the blood and 
thus increase its morbid action on 
the hepatic tissues. 

Collapse 1215, 1222, 1224, 1225 

Constipation 1374 

May be due to one of many condi- 
tions: (1) Intestinal atony, in anse- 
mic, neurasthenic and debilitated or 
old subjects, the anatomical cause be^ 
ing a deficiency of blood in the mus- 
cular and secreting elements of the 
intestine, owing to inadequate propul- 
sive activity of their arterioles and 
:as a consequence local ischnmia with 


its results : inadequate peristalsis 
and deficiency of intestinal juice; (2) 
a similar morbid process brought on 
by excessive purgation or prolonged 
catarrhal inflammation and exhaus- 
tion of the secretory and muscular 
elements of the intestine; (.3) ina- 
bility of the blood to spare, after co- 
pious perspiration or the ingestion of 
insufficient fluids, the water necessary 
to furnish a sufficient supply of intes- 
tinal juice to liquefy and insure the 
downward progress of the excrements ; 
(4) the use of foods which leave but 
little residue or waste and which thus 
fail to excite reflexly the peristaltic 
and secretory functions of the intes- 
tine; (5) mechanical interference 
with the expulsion of the fffices, owing 
to pressure on the intestine of a rc- 
troverted uterus, foreign bodies, a 
stricture, a tumor, etc., or by har- 
dened scybala in the intestinal 
pouches; (6) peristaltic torpor, due to 
excessive distension of the intestine by 
large faecal masses allowed to accu- 
mulate therein through neglect of the 
act of defecation. It is usually most 
marked in the region of the sigmoid 
flexure, but the entire colon may be 
dilated. Such a condition may be 
congenital. 

Treatment: In cases due to general 
adynamia, amemia, etc., the successful 
treatment of these conditions usually 
corrects the constipation, especially 
when strychnine or nux vomica to 
raise the blood-pressure and thus in» 
crease the volume of blood in all 
peripheral vessels, with belladonna to 
enhance the propulsive activity of the 
intestinal arterioles, is also given, 
and if the patient acquires the habit 
of going to stool at a fixed hour daily. 
The food of all cases should include 
enough vegetables, fruit, cereals, etc., 
to insure a copious residue; the free 
use of water is also of gi*eat impor* 
tance. Exercise and abdominal mas* 
sage aid intestinal action, provided 
fatigue and free perspiration be 
avoided. EnematOj especially when 
large and injected warm (not less 
than 105° F.), are effective adjuvants. 

When purgatives are necessary, tho 
cause of constipation should also be 
taken into account. In asthenic cases, 
calomel in small doses frequently re- 
peated not only produces the desired 
effect, but by stimulating the adrenal 
system aids the general curative 
process carried on by the tonic reme- 
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dies referred to above. In stubborn^ 
cases aloes or aloin may be added to 
the strychnine and belladonna, owmg 
to its stimuiating action on the sym- 
pathetic center and the hypenemia of 
the intestinal vessels thus provoked. 

In constipation due to intestinal ca- 
tarrh all these agents would aggra- 
vate the tr()iibh> by increasing the in- 
testinal congestion. Here the mineral 
aperient waters such as Apenta, Hun- 
yadi JAnos, Carlsbad, Saratoga, etc., 
or plain Epsom salts, citrate of mag- 
nesia, etc., are of the greatest value, 
since they promote Hushing of the in- 
testine with intestinal juice laden 
with auto-antitoxin. Tlie constipation 
which occurs in tin* course of febrile 
diseases is almost entirely due to de- 
ficiency of iluids and impairment of 
the osmotic properties of the blood, 
and is preventcnl by tin* use of al- 
kaline beverages or saline solution 
throughout the disease. 

Simple means should always be 
given preference, espc'cially in chil- 
dren: glycerine or other mild sup- 
positories which cause evacuation 
mainly through reflex contraction of 
the intestinal muscular layer; ene- 
ma la, which do likewise, besides soft- 
ening tlic faical masses. 

Consumption. See Pulmonary Tu- 
berculosis. 

Convalescence, Retarded 1239 


Coryza, Acute, 1214, 1215, 1245, 1246, 
1340. 

Cough 1281 


Cretinism. See Myxmdema, page 
1866, and Diseases of the 
Tiiykoid AlTARATrS, Vol. I. 

Croupous Pneumonia. See Pneumo- 
nia. 

Dandy Fever. See Dengue. 

Dementia Paralytica. 

A gradual degeneration of the 
cercbro-spinal system, which occurs 
ns a result of inflammation of its 
vascular and nervous elements, in- 
cluding the neuroglia, and depression 
of the functions of the adrenal sys- 
tem. 

Syphilis, its principal cause, pre- 
pares the ground for its development 
by causing during the secondary pe- 


riod, a violent reaction of the ad- 
renal system which provokes hyper- 
trophy of the vessel-walls and con- 
gestion of the capillaries, including 
those of the central nervous system, 
the neuro-fibrils, the neuroglia, etc. 
When the tertiary period character- 
ized by marked debility of the adre- 
nal system, is reached (roe Syphilis), 
the nutrition of the brain and coni 
is thus impaired through two morbid 
factors: the vascular lesions and the 
deficiency of the blood constituents 
which sustain metabolism in all tis- 
sues. Alcoliol produces it by becom- 
ing oxidized in the blood, thus caus- 
ing the liberation of an excess of 
heat-energy and vascular lesions, 
while impairing markedly the oxy- 
genation and therefore the nutrition 
of all tissues including tho-sc of the 
cercbro-spinal system, and their cen- 
ters. 

The symptoms correspond with 
these stages, beginning with abnor- 
mal mentality and acts, irritability, 
restlessness, excitement, and even 
mania, with motor disturbances of 
various kinds, until the paralytic 
stage is reached, when all functions 
gradually cease. 

Treatment: This dcpimds upon the 
stage at which the patient is scon. 
During the period of e.xcitement the 
active hypora^mia of the ccrcbro- spinal 
system can only be aggravated by the 
remedies now used — mercury and the 
iodides, l^aline solution hypodermic- 
ally or endovenously, by increasing 
the fluidity of the blood and its free 
circulation in the nervous elements, 
reduces markedly the pathogenic hy- 
pcraiinia, especially if the diet does 
not include stimulants or red meats 
and if the intestines arc kept free by 
means of saline aperients. After the 
period of excitement has been caused 
to subside by these measures, thyroid 
gland in very small doses, y* grain 
t.i.d., tentatively and slowly increased 
until 2 grains t.i.d. are taken, is in- 
dicated to promote gradually the gen- 
eral nutrition, including that of the 
ccrebro-spinal system, while insuring 
the breaking down of toxic wastes 
'which tend to excite the vasomotor 
center and cause a recurrence of the 
dementia. 

Contraindicated: The bromideis, 

chloral and other depressants, all 
of which tend to promote the cerebral 
atrophy. 
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Benffue. 

An epidemic, infectious fever char- 
acterized l)y very severe pains in the 
joints and muscles and, in some cases, 
by eruptions, is due to the toxin of 
some bacillus (probably McLaughlin’s 
micrococcus), which depresses or par- 
alyzes the sympathetic center. The 
arterioles oi the entire body being 
dilated, the sensory terminals are 
rendered hypcrsemic and evoke pain- 
ful sensations. The flow of blood into 
the capillaries being no longer regu- 
lated, there may be hajinorrhages from 
the nose, gums, stomach (black vomit- 
like), intestines, etc., and an ery- 
thematous rash in the skin and 
around the tongue, headache, flush- 
ing, conjunctival congestion, adenitis, 
high fever (reaching sometimes 107“ 
F.). The sensation of burning, the 
pruritus, and the marked depression 
that 8U(!cecds the disease — which lasts 
from five to nine days — all indicate 
the supranormal metabolism to which 
the tissues are subjected. 

Treatment; Morphine and the coal- 
tar products, aniipyrin and acelanilid, 
arc very cflicacious; by exciting the 
sympathetic center they cause con- 
striction of the arterioles and by in- 
hibiting the excessive flow of blood 
into the capillaries arrest the morbid 
phenomena. To curtail the disease: 
thyroid gland in small <loses to in- 
crease the proportion <)f auto-antitoxin 
and thyroiodasc (opsonin) in the 
blood; and in severe cases saline 
solution subcutaneously or intrave- 
nously to enhance the bacteriolytic 
and osmotic power of the bhwd and 
facilitate the elimination of the large 
proportion of wastes formed through 
the excessive metal3olism. In the av- 
erage case, however, saline beverages, 
alkalinb mineral waters, etc., siiilice 
when used freely. 

Bercum’s Disease. Sec Adiposis Do- 
lorosa. 

Diabetes Hellitus, treated in 

full 1583 

Diarrhoea, Acute. See Enteritis, 
Acute. 

Diarrhoea, Infantile. See Infantile 
Diarrhoea. 

Diarrhoea, Tropical. See Enteritis, 
Chronic. 


Diphtheria 1168, 1184 

A contagious disease characterized 
by the formation, especially on the 
pharyngeal, laryngeal, or nasal mu- 
cosa, of a false membrane which tends 
to spread and provoke local necro- 
biosis, and secondary constitutional 
infection. Due to the presence in the 
affected area of the Klebs-Loeffler ba- 
cillus. The membrane is formed by 
the phagocytic leucocytes and epithe- 
lial cells which attack the pathogenic 
bacilli, and the auto-aiititoxin and 
fibrin-laden muco-plasnia poured out 
to aid the auto- protective process. 
The surface affected first appears red, 
then whitish gray, and thickens. It 
may then iMurome yellowish gray or 
brown, and shows a characteristic 
tendency to spread. It peels off in 
flakes, leaving a. red and more or less 
bloody surface, or in mild cases a pale 
red area. The surrounding tissues 
often b<‘come mdematons and swollen, 
causing dyspmra, dysphagia, etc., be- 
sides the local soreness. The Eu- 
stachian tubes, the conjunct ivuj, etc., 
may thus also be involved by exten- 
sion. 

The general phenomena are due to 
a very highly toxic substance pro- 
duced by the rapidly multiplying bac- 
teria at the scat of infection and ab- 
sorbed mainly by the lymphatics, the 
lymph-nodes around the local lesion 
being soon large, tender and painful. 
While small quantities only enter the 
blood, the test-organ, t.c., the adrenal 
system, reacts under their influence, 
and the proportion of auto-antitoxin 
and leucocytes (including phagocytes) 
is greatly increased, as shown by the 
fever, which sometimes reaches 104® 
F. This period of active defense is 
of short duration: When a certain 
proportion of diphtheria toxin is al- 
lowed to aeoumula'te in the blood, the 
test-organ is paralyzed by the poison 
and extreme prostration, a feeble and 
rapid pulse, and death from heart- 
failure occur in rapid succession. In 
very severe cases paralysis of the ad- 
renal system may occur at the outset, 
the patient dying almost immediately. 

Treatment: Three indications im- 
pose themselves: (1) to flood the 
blood at once with auto-antitoxin; 
(2) to sustain the functional effi- 
ciency of the adrenal system and, 
therefore, insure the continuous pro- 
duction of auto-antitoxin; (3) to ar- 
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■rest the multiplication of diphtheria 
bacilli and tlie production of toxin. 

Auto-antitoxin being naught else 
than antitoxin, the latter should be 
used at once when there is any evi- 
dence whatever that diphtheria is 
present, an affirmative bacterial diag- 
nosis being regarded only in the light 
of a confirmatory procedure. The 
antitoxin can do no harm; to await 
an official report compromises the 
issue. The second indication is met 
by biniodide of mercury, which, by 
powerfully stimulating the test-organ, 
not only antagonizes the paralyzing 
influence of the toxin, but increases 
also the proportion of aiito-antitoxin 
and thyroiodase produced. Its use 
should be begun at once; it can be 
injected intravenously (dissolved in 
twenty drops of sterilized water) if 
the patient cannot swallow. The 
third indication is met by the local 
application of a 10-pcr-cent. solution 
■of potoHsium permanganate around 
the margin of the false membrane 
and under the latter if possible, on 
the surfaces over which it tends to 
spread, and over the surfaces from 
which false membrane has become de- 
tached. The value of this salt is 
due to its powerful oxidizing action, 
which sustains the bacteriolytic ac- 
tivity of the secretions. Peroxide of 
hydrogen acts similarly; mixed with 
an equal quantity of DobelVs solu- 
tion, it should be sprayed frequently 
-and freely into the nasal cavities and 
over the pharynx. 

Prophylaxis. The value of anti- 
toxin as such is self-evident, but by 
increasing the formation of auto-anti- 
toxin: calomel in small doses until 
green stools are produced, still greater 
protection can be afforded. 

Dropsy 1383, 1388 

Dysentery 1377, 1380, 1386 

An inflammatory disorder of the 
colon involving at times the small 
intestine, three distinct forms of which 
are recognized: (1) The acute catar- 
rhal, due to excessive activity and the 
resulting hypersmia of the entire mu- 
cosa, brought on: either by the elim- 
ination through the latter of detritus, 
wastes, toxins, etc., in excessive quan- 
tities in the course of general infec- 
-tions^ especially the acute ejfanthem- 
ata and tuberculosis; or, by the irri- 


tating action of indigestible foods, 
unripe fruit, etc., particularly during 
the summer months while the func- 
tional activity of the adrenal system 
is more or less depressed. (2) The 
pseudo-membranous, due to the dys- 
entery bacillus of Shiga, very similar 
morphologically to the typhoid bacil- 
lus, which acts directly upon the mu- 
cosa of the colon, especially in indi- 
viduals debilitated by malaria, pro- 
voking through its toxin a local pro- 
cess akin to that of diphtheria in the 
naso-pharynx. This includes the false 
membrane, formed mainly of dead 
phagocytic leucocytes, fibrin, etc., and 
containing specific bacilli. It first 
appears in the rectum and extends 
upward along the sigmoid flexure, the 
descending colon, etc., according to 
the severity of the case, the under- 
lying mucosa being hypereemic, show- 
ing here and there bleeding points,. 
and covered with blood-stained mu- 
cus. Perforation of the intestine and 
other complications, hepatic abscess, 
paralysis, etc., most cases dying in 
extreme adynamia. (3) The amfcbic, 
caused by the arnoBba coli, a phago- 
cytic, motile organism, which shows a 
special predilection for red corpus- 
cles. It produces ulceration of the 
mucosa and submucosa, and occasion- 
ally of the muscular coat and even of 
the peritoneal coat. The area at- 
tacked is first transformed into a 
gelatinous mass, composed mainly of 
detritus containing the amoeba, whinh 
mass on becoming detached forms the 
ulcer. The latter then becomes in- 
vaded by connective tissue which fills 
the gap in the mucosa, but without 
restoring its function. Abscesses and 
necrotic areas may also occur in the 
liver in this form, owing to migration 
of amoebsB into the mesenteric vessels 
and the portal system; and these ab- 
scesses may in turn break into the 
adjoining pulmonary tissues. Death 
may occur in from one to three weeks 
or the disease may assume a chronic 
type. 

Diarrhoea, abdominal cramps and 
tenesmus and more or less fever occur 
in all forms, but in the pseudo-mem- 
branous form these symptoms are 
very severe, the stools contain more 
blo^, and there is profound weak- 
ness. The presence of the Shiga ba- 
cillus or of the amoeba in the stools 
distinguishes these forms from the ca^ 
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tarrhal type. All three may become 
chronic, especially pscudo-membranoiis 
dysentery. 

Treatment: In all forms the aim 
should be to flush the colon with auto- 
iintitoxiii-lnden intestinal juice. This 
is most efficiently done by means of 
magnesium sulpha tCj two drachms 
every hour, until copious watery 
stools arc obtained. Thyroid gland 
2 grains, or if not available, htnio- 
diae of mercury Vi« grain, or iodo- 
form (also a powerful adrenal stimu* 
lant) 2 grains t.i.d., should then be 
given four days and the purgation 
renewed. This course should be re- 
peated until .the stools contain no 
mucus, blood, bacilli dysenteriie or 
amocbiB, as the case may be. The 
ipecac method, used in the amcebic 
type, acts much in the same way in- 
directly, viz., by depressing the sym- 
pathetic center and causing dilation 
of all arterioles, including those of 
the intestine, and engorgement of 
their secretory elements. One dose of 
20 to 60 grains is given on an empty 
stomach, its effects being controlled 
by a preliminary dose of laudanum. 
Opiates are almost necessary to con- 
trol the pain, but as they produce 
their effect by constriction of the ar- 
terioles they interfere with the cura- 
tive process. The tenesmus is n most 
trying symptom which may be con- 
trolled by opium suppositories. In 
the amcebic form, 0.1 to 0.2 per cent. 
quinine enemata at 105 ** F. aid the 
curative process. A similar solution 
of silver nitrate is effective, especially 
'in the chronic form, without interfer- 
ing with the action of the intestinal 
juice. In tropical countries espe- 
cially, alkaline beverages or saline so- 
lution hypodermically are indicated to 
enhance the osmotic properties of the 
blood and fluids, including those which 
(constitute the intestinal juice. 

Serum therapy has been tried with 
some success in dysentery. Its value 
is self evident in the light of the fore- 
going facts and in view of the identity 
of ail antitoxins as auto-antitoxin. 
This suggests that its use in all cases 
would prove a powerful adjunct to 
the measures recommended above. 

The diet should be such as to avoid 
the passage of much detritus in the 
intestine, but it should include foods 
calculated to sustain the patient’s 
strength. 


Sysmenorrhoea 1215, 1289, 1293 

1354, 1387. 

Eclampsia, Puerperal. See Puerperal 
Eclampsia. 

Eczema, Chronic 1383 

Emphysema, Vesicular. 

Characterized by abnormal disten- 
sion, succeeded by atrophy, of the air- 
cells, and due to the persistent cough- 
ing of chronic bronchitis, the resis- 
tance to the egress of air in asthma, 
to glass-blowing, playing of wind 
instruments, and other conditions 
which impose considerable strain up- 
on the cells. The atrophy involving 
the capillaries of the alveolar walls, 
the oxygenation of the blood is cor- 
respondingly inhibited; hence the 
marked dyspncea, and in marked in- 
stances, cyanosis, observed in these 
cases. 

Treatment: The indications are to 
increase the blood supplied to what 
normal alveoli remain, by causing 
dilation of the arterioles • or by in- 
creasing their propulsive activity, 
and Himultan(*ously the pow'er of the 
blood to absorb oxygen. Hence the 
value of belladonna or atropine, 
which meet both these requirements 
by stimulating the sympathetic cen- 
ter and the adrenal system, and that 
of potassium iodide, which also ex- 
cites the latter and increases still 
further thereby the proportion of 
adrenoxidase in the blood. Given 
jointly these agents are very effective 
and tend moreover, by increasing the 
nutrition of the al\\*olar walls, to 
counteract the disease itself. VVhen 
it becomes nmissary to interrupt the 
treatment owing to the action of 
belladonna on the pupil, iodism, etc., 
strychnine, by sustaining the func- 
tional activity of the adrenal system 
and a high blood- pressure which 
keeps the normal pulmonary capil- 
laries hypcriemic, is V(^ry efficient. 
In obese subjects, thyroid gland in 
small doses may also be used with 
advantage. 

Attacks of acute dyspnoea or cyan- 
osis are promptly counteracte(l by 
inhalations of amyl nitrite or the use 
of stramonium cigarettes employed in 
the treatment of acute asthma. The 
latter disease is often present simul- 
taneously; in such cases the diet 
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should not include much meat or 
other foods which lead to the forma- 
tion of nuclein wastes in large quan- 
tities. 

Encephalitis, Acute Suppurative; or 

Cerebral Abscess. 

Inilamniation of the brain with the 
formation of pus may be eaiisetl by 
the migration of bacteria from ad- 
joining foci, sucdi as nasal, aural, 
mastoid abscesses; or from emboli 
from the heart in endocarditis; from 
the lungs in pulmonary gangrene or 
abscess; from hepatic abscess, carious 
bones, etc., or by bacteria in the 
course of septicuMnia, influenza, ciy- 
sipclas, etc. It may also follow cere- 
bral traumatisms, blows, ct<‘. The 
symptoms of a septic fever are usu- 
ally present, with vomiting, vertigo, 
mental torpor, optic neuritis, d(‘lir- 
iiim, and coma, preceded in some 
cases by epileploid convulsions. The 
symptoms resemble those of menin- 
gitis, with which encephalitis is often 
assoeiat<Ml. 

The (meephalie abscess may he 
chrofiw and alow in <levelopment, 
causing slight headache, vertigo, irri- 
tability and even convulsive seizures 
and other phenomena of the acute 
form. They differ from those of cere- 
bral tumor in that they include fever. 

Treatment: Besides surgical meas- 
ures to the source of infection if, as 
in mastoid ahscess, they are within 
reach, an important feature is to en- 
hance the bacteriolytic and antitoxic 
properties of the bhaid by means of 
thyroid yland^ which not only pro- 
vokes the formation of an excess of 
auto-antitoxin, but also of thyroiodase 
(opsonin) w’hicli renders the patho- 
genic bacteria vulnerable to the 
phagocytes. iialine solution intra- 
venously or hypodermically is also 
indicated to facilitate osmosis and, 
therefore, the evacuation of the ab- 
scess. 

Endarteritis Chronica Deformans. 

See Arteriosclerosis. 

Endocarditis. 

Not due, as now taught, to direct 
infection of the valves or endocar- 
dium. Whether simple, malignant, 
or chronic, it is always due to auto- 
lysis of the cardiac tissues by the 
blood w’heu it contains a marked ex- 


cess of auto-antitoxin and thyroiodase, 
as may be the case in any of the 
diseases which provoke endocarditis. 
Hence the usual presence of the abra- 
sions along the line of contact of the 
leaflets, their surface, and the w'all of 
the cardiac cavity of the left ven- 
tricle, that through which arterial 
blood circulates with greater vigor 
than elsewhere in the body owing to 
the ventricular contractions. The 
ocmsional presence of baettwia in the 
lesions is hut an adventitious circum- 
stance of the causative gen(wal dis- 
ease, the vegetations being elforts at 
local repair. 

Treatment: This disease w^ould 

occur very infrequently were the 
blondes fluidity and osmotic proper- 
ties preserved by the use of saline 
solution ill all infections: wiieii en- 
docarditis is present, small doses, in- 
travenously. Bromides to reduce the 
blood-pressure and the friction of the 
blood eoliiniii upon the endocardium. 
Vvratrum viridc if the blood-pressure 
is excessive, the patient keeping the 
recumbent yiosition. Free use of al- 
kaline waters is also indicated to 
facilitate the elimination of detritus. 

Contraindieated: Quinine, digi- 

talis, and all agents which tend to 
raise the blood- pressure, ineluding 
opium, which does so by causing con- 
striction of all arterioles. 

Enteritis, Acute, treated in full. 1750 

Enteritis, Chronic, treated in 


full 1753 

Epilepsy, treated in full 1454 

Erysipelas 1215, 1383 


An acute dermatitis due to infec- 
tion of an abraded surface by the 
streptococcus crysipelatis of bVhlci- 
sen, characterized by a tendency to 
spread. 

Treatment: To insure prompt 

destruction of the pathogenic germs: 
hiniodide of mot'cury (1/^^ grain) and 
iodoform (1 grain) every tliree hours, 
the former to increase the aiito-anti- 
toxin, and the latter the thyroiodase 
of the blood. If the case is severe, 
pilocarpin % grain every three hours 
hypodermically, to increase the pro- 
pulsive activity of the arterioles and 
thus drive the blood laden with auto- 
antitoxin into the infected tissues. 
Lead-water locally. 
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Ezophthalmio Goiter 152 

Characterized by exophthalmoH, 
goiter and a rapid pulse in suili- 
ciently advanced cases, and allowing 
tw^o distinct stages; the first or 
sihrmiCf in which, besides the fore- 
going symptoms, there are headache, 
irritability, excitability and even 
mania, cramps in the limbs, ilushing 
and superficial heat, intense thirst, 
a ravenous appetite*, and other signs 
pointing to excessive general inota- 
bolism; and’ the aftthcnic stage, 
which is not always reached: mental 
torpor, melancholia, weakness, vari- 
ous forms of motor paralysis, pallor, 
general marasmus, dental caries, leu- 
coderma, bronzing, diarrluea and per- 
sistent terininnl vomiting and other 
phenomena denoting a steady decline 
of metabolic activity until death 
occurs. 

Due to the continued presence in 
the blood of any poisonous substance, 
the toxins of various gt*rms, t<ixic 
wastes such as those that accumu- 
late during fatigue, menopause, etc., 
digestive auto-toxins, etc., which p(*r- 
sistently excite the test-organ and 
through it the thyroid gland and ad- 
renals, causing marked congestion 
and swelling of the former, and 
hyperactivity of the latter, and there- 
fore excessive metabolic activity — the 
characteristic of the sthenic stage. 

Treatment ; During the sthenic 
stage, measures to reduce the sensi- 
tiveness of the test-organ: the bro- 
mides or verairvm viride and if the 
case be due to intestinal auto-intoxi- 
cation, frequent saline 'purgation and 
the avoidance of meat; in the earlier 
stages a prolonged milk diet. All 
adrenal stimulants, especially digi- 
talis, are contraindicated. In cases 
due to menopause thyroid gland in 
small doses sometimes ciTective, to 
provoke catal>olism of toxic wastes. 

During the asthenic stage the aim 
should be to aid the broken down 
nervous system by means of adrenal 
and thyroid glands internally, and 
if need be, injections of antitoxin. 
Wien these cannot be obtained, 
strychnine or nux vomica, to incite 
general nutrition and oxygenation. 
A free supply of nutritious food. See 
also Diseases of the Thyroid Ap- 
paratus, Vol. I. 

Pibrinous Pneumonia. Sec Pneu- 
monia. 


Practures 1145 

Gastralgia. 

Acute pain in the epigastrium, is 
caused by paroxysmal hypercemia of 
the m*rvi nervorum of the underlying 
structures. In the ana*mic it is due 
to relaxation of the arterioles w'hich 
supply the painful area, and in 
sthenic individuals, to excessive pro- 
pulsive activity of these vessels. 

Treatment: The camphorated tinc- 
ture of opium, morphine, or acetani- 
lid, to cause constriction of the ar- 
terioles; or bromides, chloral, or 
veratrum riride, to lower the bloofl- 
pressure and cause the blood to 
rcccMle into the deo|H*r and larg(‘r 
vessels and thus relieve the congested 
nerves. 

Gastrectasia. 

Dilatation of the stomach, may be 
due ( 1 ) to mechanical factors, forced 
expansion of the organ through over- 
eating or drinking, obstruction of the 
pylorus by tumors, scar-tissue, or 
pressure, as by a light corset, etc., 
and (2) to atony of the walls of the 
stomach. The latter form, that nio.st 
frequently met with, is due to hypo- 
metabolism in the gastric muscles 
(as well as in others) owing to de- 
pression of the functional activity of 
the adrenal system in the course of 
debilitating diseases, nnn*mia, spinal 
disorders, tuberculosis, etc. 

Treatment: Removal, if possible, 
of the cause. In the form due to 
atony, strychnine in addition, in in- 
creasing doses until grain is given 
t.i.d., or thyroid gland in small 
doses. BlaiuVs pill in cases due t(» 
nmeinia, with the strychnine. When 
the digestion is very ini])erfect, pep- 
.sin or dilute nilro-muriatic acid, the 
latter to increase the production of 
pancHMitic juice. In severe cases, 
lavage in addition, especially if there 
is marked fermentation of ingesta, 
the diet being adjusted to the needs 
of the case. Mercurial purgatives, 
especially calomel, at intervals. 

General Paralysis. See Dementia 
Paralytica. 

German Measles. See Rubella. 

Glycosuria. See Diabetes Mcllitus. 

Glycosuria, Asthenic. See Asthenic 
fllycosuria. 
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O] 700 iiiri& Toxic (DepreBsants). 

See Althenic Glycosuria. 

OlyooBurla, Traumatic. See Asthenic 
Glycosuria. 

Gout and Gouty DlathesiB, 


treated in full 1500 

Hmmophllla, treated in full. . . . 1791 

Hsemorrliage, Post-partum 1386 

Eflemorrhairc, Uterine 

(Fibroids) 1386 

Hay Fever. See ITyperajsthetic Rhi- 
nitis. 


Headache, Bilious. See Migraine. 

Headache, Sick. See Migraine. 

Heart, Dilatation of 1175, 1221, 

•1224, 1225, 1231, 1239. 

Heat-stroke. (Insolation, sun- 
stroke.) 

Due to the accumulation of waste- 
produets in the blood. The normal 
temperature of the body being that 
at which metabolism is carried on 
safely, when the temperature of the 
surface exceeds a certain limit the 
proteolytic activity of the ferments 
(trypsin, adrenoxidasc, etc.,) which 
insure catabolism becomes e.xcessive 
in proportion. The waste-products 
then accumulate in the blood to such 
a degree that the vasomotor center 
is violently stimulated and the vas- 
cular tension becomes such that in- 
tense venous congestion, pulmonary 
(Edema and other conditions indicat- 
ing intense blood-pressure are pro- 
duced — life in some instances being 
arrested almost instantly. 

Treatment: To restore the normal 
temperature of the blood is beneficial, 
but to lower it c-xcessively with ice 
causes an excessive formation of toxic 
wastes by inhibiting catabolism. 
Hence bathing or, in the absence of 
a tub, sponging with water at 90® F. 
to promote the dissipation of heat. 
Simultaneously saline solution at 
100® F. (thus reaching the tissues 
at the normal temperature) intraven- 
ously, injecting one quart slowly. By 
liquefying the blootl and promoting 
osmosis, much of the wastes pass out 
of the vessels into the tissues, and 


I are eliminated with the excretions. 
I Blood-letting prior to injection, if 
the venous engorgement is marked. 
Also nitrite of amyl inhalations to 
relax the arterioles, and also the 
arteries if its use is prolonged. 
Chloral hydrate^ orally if possible, 
but if not, by enema; or veratrum 
viride hypodermically. Painting of 
guaiacol over an area about six 
inches square over the chest or back 
helps markedly to lower the blood- 
pressure. 

Hemlcrania. See Migraine. 

Herpes Zoster. See Neuralgia. 
Hydrophobia. See Rabies. 
Hypersesthetlc Bhinitis, 


treated in full 1709' 

Hysteria 1389 


Due to hyperflesthesia of the various 
centers of the posterior pituitary 
body (the sensorium commune), tho 
result, in turn, of hypersemia of its 
nervous elements. This hyperemia 
may be caused or increased by any 
condition which provokes a marked 
and frequent rise of the vascular 
tension: frequently repeated sexual 
orgasm, chorea, anger, shock, worry, 
prolonged febrile processes, excessive 
mental labor, alcoholism, morphinism, 
etc., and in delicate girls, by auto- 
toxins of intestinal origin, or inade- 
quately broken down wastes. 

The general nerve centers being 
constantly hyperaesthetic, an attack 
is readily induced by any condition 
which increases temporarily their 
hypersDmia: excitement, joy, grief, 
fear, etc., or which submits them to 
too sudden a concussion : a loud noise, 
a horrifying sight, a severe pain, etc. 
The mental, sensory, motor and secre- 
tory morhiii phenomena witnessed arc 
all due' to imperfect coiirdination of 
the circulation of the organs inter- 
ested, including those of special sense, 
wdien, as is frequently the case, vision, 
hearing, smell and taste are impaired. 

Attacks of hystero-epilepsy are but 
violent exacerbations of the morbid 
process in which the muiscles, the cor- 
tex and the spinal motor cells are 
abnormally hyperiemic. 

Treatment: The belief of many 
that attacks of hysteria arc artificial 
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is based only upon the ignorance of 
those^ who have advanced this view. 
Hysterical subjects should be treated 
as solicitously as epileptics. 

The Weir Mitchell treatment is 
eminently adaptable to such cases, 
the result attained being reduction of 
the central hypereemia by enforced 
rest and appropriate dietetic meas- 
ures. In those who cannot avail 
themselves of this method: arsenic 
to depress the functional activity of 
the adrenal system and reduce gen- 
eral oxygenation, including that of 
the hypersesthetic centers. On retir- 
ing, ‘itoiassium bromide alternating 
with veratrum viride to depress the 
vasomotor center and facilitate isch- 
semia of the same centers during 
sleep. Occasional saline purgatives 
to keep the bowels free of any pro- 
ducts which when absorbed tend to 
increase the vascular tension. Physi- 
cal rest to prevent the accumulation 
of wastes, which do likewise. 

During attacks, apomorphine hypo- 
dermically to cause relaxation of the 
arterioles. In severe cases and in 
hystero-epilepsy, this may be pre- 
ceded by inhalations of amyl nitrite 
to produce a similar effect promptly. 
When prolonged these inhalations de- 
press both the sympathetic and vaso- 
motor centers. In all cases saline 
solution hypodermically or as enema 
is very useful to increase the fluidity 
of the blood and inhibit the irrita- 
bility of the centers in the posterior 
pituitary. 

Idiopathic Anaemia. See Pernicious 
Anaemia. 

Ileo-colitis, Acute. See Enteritis, 
Acute. 

Infantile Convulsions, 1323, 1324, 
mu, 1472, 

Like epilepsy, tetanus, eclampsia, 
etc., infantile convulsions arc due to 
the accumulation of wastes, toxins, 
etc., in the blood. These poisons by 
exciting violently the vasomotor cen- 
ter provoke intense hypcrseniia of the 
cortex and of the spinal system, the 
direct cause of the paroxysms. This 
applies as well to cases due to teeth- 
ing: the accumulation of wastes oc- 
curring in the tissues as a result of 
defleient oxygenation caused by reflex 
constriction of all arterioles through 


the (reflexly) irritated sympathetic 
center, the most sensitive of the sen- 
sorium commune. 

Treatment: A few whiffs of amyl 
nitrite in teething convulsioiis siitfice 
to arrest them, in most instances by 
causing relaxation of the ‘ arterioles; 
sweet spirits of nitre to sustain the 
effect. A warm bath to draw the 
blood to the surface and deplete the 
hyperajiiiic (•ent<Ts; the addition of 
mustard to the bath. In severe cases, 
apomorphine hyi)odcrmically or chloral 
by enema. 

The cause of the convulsions should 
of course receive attention. 

Infantile Diarrhoea, treated in 

full 1742 

Influenza. 

An infectious disease due to the 
toxin of the bacillus influenza of 
Pfeiffer, which depresses the functions 
of the sympathetic center of the pos- 
terior pituitary. The arterioles of 
the entire body being relaxed, thcro 
is catarrhal congestion of the respira- 
tory tract, relaxation of the gastro- 
intestinal mucosa; hyperiemia of the- 
cerebrO'Spinal and muscular systems, 
etc., with the attending symptomsr 
according to the area in which the- 
vascular dilatation is most marked. 
The circulation being slowed in the 
capillaries, the protective functions- 
are inhibited in the pulmonary and 
intestinal tracts and the patient is- 
exposed to infection especially by the 
pneumococcus, which is invariably 
present in the bronchi. 

Treatment: To counteract the de- 
pression of the sympathetic center 
and restore the arterioles to their 
normal caliber, acetanilid or opium, 
preferably the camphorated tincture. 
To produce the same effect and in- 
crease simultaneously the bactericidal 
and antitoxic properties of the blood, 
tincture of belladonna 5 drops and 
potassium iodide 5 grains every three 
hours, the former stimulating both 
the sympathetic center and the test- 
organ, and the latter the test-organ 
and the thyroid. Quinine also ex- 
cites the sjrni pathetic center, but only 
in large doses. 

Insolation. See Heat-stroke. 

Insomnia, 1258, 1279, 1281, 1323, 
1324, 1326. 
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Intestinal Catarrh, Aonte. See En- 
teritis, Acute. 

Intestinal Haemorrhage. . .1176, 1281 


Lactation, Prolonged 1258 

Lead Colic. 1281, 1377 

Leprosy. 


An infectious disease due to the 
bacillus leprie of Hansen, transmitted 
mainly through dust contaminated 
with these germs by the expectoration 
and nasal discharges of suffers. The 
tubercular form is the result of an 
effort by phagoeytes, epithelioid cells 
and giant macrophages to segregate 
the germs and destroy them in the 
skin, mucous membranes, viscera, etc., 
but the tubercles tend to break down, 
leaving ulcers. These ulcers are duo 
to the deoxidizing or reducing action 
eff the germs on the adrenoxidase of 
the cellular elements they penetrate 
when the intra-tubercular phagoeytes 
and the blood’s auto-antitoxin are 
unable to prevent it. This destructive 
action is usually such as to cause the 
loss of phalanges, toes, curs, etc., and 
other deformities. The anwslhetw 
form is due to the invasion of nerves 
by the germs through the intermedi- 
ary of the plasma circulating in the 
axis-cylinders, neuro-fibrils, etc., and 
in the perineural capillaries. At first 
a defensive local reaction, attended by 
the immigration of microphages and 
macrophages, thickening and conges- 
tion of the nerve, occurs. The result- 
ing organic lesions finally become 
such that the nerves can no longer 
carry on their sensory or motor func- 
tions, and hyperiEsthesia and deficienL 
nutrition of the organs to which they 
are distributed follow. 

Treatment: The aim should be to 
destroy the bact<;ria by increasing the 
aggressive power of the phagocytes 
ami the bacteriolytic activity of the 
bhx)d. Thyroid ylavul 2 grains t.i.d. 
( in adults) , to increase tlie thyroiodasc 
(opsonin) with, after one week, iodide 
of mercury Vie grain also t.i.d., re- 
ducing the dose slightly if salivation 
appears. At least one quart of some 
saline mineral water daily to preserve 
the fluidity of the blood and thus in- 
sure the free penetration of the bac- 
teriolytic plasma into all capillaries 
and neuro-ffbrils, and the prompt 
elimination of the increased wastes. 


The diet should include a free supply 
of vegetables and fruit to provide the 
blood with alkaline salts, and* keep 
the bowels open. 

Leukemia. 

Due to the simultaneous occur- 
rence of depression of the functional 
activity of the adrenal system and de- 
ficient alkalinity of the body fluids. 
The blood being poor in auto-anti- 
tfixin, the destruction of worn-out 
leucocytes in the blood itself and in 
the spleen is inadequate, and tiio un- 
destroyed and partially disintegrated 
leucocytes accumulate not only in the 
blood and spleen, but also in the bone- 
marrow where the newly formed cells 
are to a great extent retained. The 
impaired osmotic property of the 
blood and lymph, itself due to defi- 
ciency of alkaline salts in these fluids, 
favors the retention of leucocytes in 
all these organs. 

Treatment: To enhance the func- 
tional activity of the adrenal system 
and increase the blood’s proteolytic* 
activity, thyroid gland 2 grains t.i.d. 
in adults, with oxygen inhalationSy or*' 
systematic daily courses of deep 
breathing in the open air. After one 
week, saline solution intravenously, 
six ounces being injected slowly every 
other day. Free use of alkaline 
waters to facilitate the elimination 
of detritus by the intestinal and 
urinary systems. 

Lithemia. See Gout. 

Little Tetanus. See Tetany. 

Lobar Pneumonia. See Pneumonia. 

Lobnlar Pneumonia. Sec Broncho- 
pneumonia. 

Lockjaw. Sec Tetanus. 

Lues. Sec Syphilis. 

Lyssa. See Rabies. 

Malarial Pever 1245, 1240, 1318 

Due to the presence of the plas- 
inodium malariie of Laveran in the 
red corpuscles, and characterized by a 
periodical or intermittent increase of 
auto-antitoxin in the blood having for 
its purpose the destruction of the 
pathogenic parasite. This process, 
t,e., the period of pyrexia or sthenic 
fever, which may last ten or twelve 
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hchirs, entails the destruction of many 
red corpuscles : haeinolysis. Hence the 
high temperature (104 to 107® F.) 
often observed, the subsequent hypo- 
tliermia and the gradually developed 
nnwinia. When the anseiiiia is marked 
and persistent, we have the malarial 
cachexia; when the lueniolysis is such 
as to impair greatly the functional 
efliciency of the blood, the algid or 
comatose type is jiroduced, the blood 
being hydnemic. When a temporary 
but severe haemolysis oeeiirs, hiCmo- 
globinuria follows, owing to the elim- 
■ ination by the urine of the htemoglo- 
bin derived from the broken-down 
corpuscles. 

Treatment: The only true specific 
in this disease, quinine, not only poi- 
stjns directly the plasmodium, but by 
exciting the vasomotor center pro- 
vokes constriction of all arteries, thus 
causing a greater volume of blood to 
eirculatc in the capillaries, where the 
red corpuscles and their pathogenic 
organism are most advantageously ex- 
posed to the poison. Its action is 
^lore perfect than that of the a<lrenal 
system, which destroys the red cor- 
puscles to reach its contents, the plas- 
inodium. 

Prophylaxis: Quinine, especially 

the hydrochloraie, protects the body 
against infection by rendering the 
blood toxic to the parasite in its vari- 
ous stages and by causing through its 
action on the vasomotor center, liyper- 
flPinJa of the cutaneous capillaries, 
rnociilation by the mosquito is thus 
]>rcvented by destruction of the para- 
sitic form as soon as it enters the 
blood. 

Measles. See Rubeola.- 
Melancholia 1230, 1380 

Meningitis, Cerebro-spinal 1340 

An inilammation of the membranes 
of the brain and spinal cord, caused 
by various bacteria, particularly the 
pneumococcus, the bacillus coli com- 
munis, ami the various pyogenic bac- 
teria; and in epidemics of the dis- 
ease, by the meningococcus of WVieh- 
selbaum. It develops in subjects 
whose adrenal system is functionally 
depressed throiigh fatigue, exposure, 
deficient aeration, exhausting dis- 
eases, etc., and, in infants, by artifi- 
cial feeding. 

The fact that the pneumococcus is 


the most frequent cause in sporadic 
cases explains the frequent occur- 
rence of pneumonia as a complication. 

Treatment: At any stage an ini- 
inediatc increase of thyroiodase (op- 
sonin) and auto-antrtoxin in the 
blood is imperatively indicated to de- 
stroy the pathogenic organisms. Tlie 
iodide of mercury grain orally, or 
if the case is marked or advanced, 
dissolved in fifteen drops of steril- 
ized water, injected intravenously 
every three hours (a<lults), until 
slight salivation occurs, when the 
dose is to l>e reduced to Ym grain 
every four hours, given orally. Simul- 
taiusmsly from the start, thyroid 
gland 1 grain with each dose of mer- 
cury, and saline solution hypo<lermie- 
ally, or better, intravenously, to in- 
cr(‘ase the fluidity of the blood and 
facilitate its circulation in the cere- 
bro-spinal cnpillari(‘s, while enhanc- 
ing the. elimination of wastes. 


Flrxncr^s scrum if at sill obtainable. 

Menopause 1145, 11(18 

Menorrhagia 13S7 

Mental Torpor 1258 

Metrorrhagia 1387 

Migraine, IreatcHl in full 1522 

Morphinism. 


l^iie to hyperexeitation and the re- 
sulting exhaustion of the sympathetic 
cenbu- by the excessive us(‘ of opium 
or morphine (see p. 1270). 

Treatment: Absolute and immedi- 
ate abstention from the use of the 
drug. To eliminate poison from the 
organism, saline solution hypoder- 
mically, or better, intravenously. 
Then to enhance g(*m*ral oxygenation 
and nutrition of the* depraved center, 
thyroid gland 2 grains t.i.d., ami 
after one week, to restore gradually 
the tone of the sympathetic center 
and the propulsive activity of the ar- 
terioles it governs, atropine or its 
physiological analogue, hyoscine, i/^oo 
grain t.i.d. 

If the sudden removal of the mor- 
phine causes diarrlnra and vomiting, 
a calomel purge, by stimulating the 
adrenal system, counteracts its cause, 
excessive vasodilation, and muscular 
relaxation affecting, among others, 
the gastric and intestinal muscles. 
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The insomnia being due to relaxa* 
tion of all arterioles, which entails 
passive liyperscmia of the cerebro- 
spinal system, avctanUid to stimulate 
the depressed sympathetic center. 
Chloral and all other drugs which 
produce slee]) by depressing the ad- 
renal or vasomotor centers increase 
tlic depression and should not be used, 
if possible. 

Multiple Neuritis. 

Characterized by passive hyper- 
romia of various peripheral nerves 
due to relaxation of tiie arterioles 
through wliich their capillaries, axis- 
cylinders, etc., are supplied with 
blood- plasma. The propulsive activ- 
ity of the arterioles being also defi- 
cient the nerves arc insufficiently 
nourished and their power to gener- 
ate nervous energy or impulses is im- 
paired. While the passive hypertemia 
of which they are the seat renders the 
affected nerves and the areas to 
which they are distributed sensitive 
to pressure, the nutrition of these 
areas is impaired. Hence the con- 
comitant muscular tenderness, wast- 
ing and paresis. 

The loss of function of the arte- 
rioles is primarily due to the action 
of any poisons such as alcohol which 
diH)xidize the blood; ergot, or toxins 
which cause excessive vasoconstric- 
tion; or wasting diseases, etc., which 
reduce directly or indirectly the vol- 
ume of adrenoxidase-laden plasma 
supplied to the arterioles by their 
nutrient vasa vasorum. 

Treatment: The elimination of 

the cause is of course the first indi- 
cation. To counteract the paresis of 
the arterioles atropine, with, if there 
is pain, small doses of morphine or 
accianilid. When the pupil becomes 
dilated the atropine should be re- 
placed by its analogue, hyoscine, 
grain t.’i.d. Static electricity and 
gentle maasaye are useful adjuncts to 
restore motion to the paretic muscles. 

Myzoedema and Infantile Myz- 

cedema or Cretinism 165 

Due to arrest of the functions of 
the thyroid gland. Its secretion serv- 
ing mainly to sustain the functional 
efficiency of the test-organ and 
through it that of the adrenals, ab- 
sence of this secretion is followed by 
the formation of insufficient thyroi- 


odase and adrenoxidase for physi- 
ological metabolism. As all tissues 
are inadequately supplied with oxy- 
gen under these conditions, all func- 
tions are impaired in proportion. 
Hence the hypothermia and sensation 
of cold, due to the deficiency of adren- 
oxidase in the blood, the mental tor- 
por, the adynamia, the imperfect nu- 
trition of the skin, the relaxation of 
all vessels and the resulting accumu- 
lation of mucin- like plasma in the 
subcutaneous tissues, etc., and finally 
the vulnerability to intercurrent dis- 
eases, the deficiency of adrenoxidase 
involving a corresponding deficiency 
of auto-antitoxin both in the phago- 
cytes and in the blood, and also of 
thyroiodase in the latter. 

In cretinism, the same deficiency of 
thyroiodase and adrenoxidase entajls 
also a lack of trypsin and nucleo- 
prottdd, tile three main foundations 
of the vital process, and thus pre- 
vents development of the body and 
brain. Hence, in addition to symp- 
toms of myxmdema, the dwarfism and 
idiocy. 

Treatment: In adults thyroid 

gland 3 grains t.i.d. may be given. A 
alight fever may occur after a few 
days, but this indicates improvement. 
In children the dose should not ex- 
ceed 1 grain t.i.d. at first. The con- 
dition of the pulse and heart should 
be frequently ascertained. If they be- 
come weak or irregular, the depressor 
nerve is being hypersensitized and 
the functions of the pituitary body 
(found enlarged after death only be- 
cause, like all other organs, it is the 
seat of marked hypereemia) are being 
inhibited. Under these conditions the 
use of the gland should be stopped 
a few days, and then resumed, but 
in smaller doses. See also Diseases 
or THE TiiYBOin Appabatus, Vol. I. 

Neuralgia, treated in full 1529 

Neurasthenia, 1175, 1222, 1224, 1231, 
1239, 1245, 1240, 1258. 

Due to exhaustion of the sympa- 
thetic center and to the resulting re- 
laxation and loss of propulsive ac- 
tivity of the arterioles. The blood 
circulating through capillaries lack- 
ing its usual velocity, the functions 
of all organs are correspondingly de- 
pressed. Hence the inability to do 
prolonged mental labor, the habitual 



SUl»PLEMENT. 


1867 


fatigue, the weakness, the gastro- 
intestinal atony, etc. Althougli tlie 
speed of the blood-stream in the capil- 
laries is diminished, these small ves- 
sels are nevertheless congested owing 
to the greater volume of blood ad- 
mitted into them by the dilated arte- 
rioles. Hence the areas of hyperaes- 
thesia or tenderness, the muscular 
twitching, the neuralgic pains, the 
pseudo-angina due to hyperiemia of 
cardiac capillaries, the hyperacusis, 
the dysnienorrlnea, etc. 

Treatment: Removal of the cause 
of the disorder, flypnoties, such as 
sulphoiial, trional, chloral, etc., only 
serve to aggravate the disorder by de- 
pressing the vasomotor center and the 
test-organ, thus inhibiting nutrition. 
Acetanilid or its weaker analogue 
ph^nnceliny given on retiring with a 
tumblerful of hot milk, not only 
causes sleep by quieting the patient, 
but as it does so by exciting the sym- 
]jathetic center, it aids the curative 
process. To initiate the latter, atro- 
pine yi2o grain t.i.d., followed, when 
dryness of the throat or mydriasis 
appears, by hyoscine hydrohromate 
Moo gniin t.i.d. to stimulate the sym- 
pathetic center and restore the pro- 
pulsive activity of the arterioles. If 
•excitement is caused the hromides 
may be used instead of the coal-tar 
products on retiring, to depress some- 
what the vasomotor center and thus 
reduce the capillary congestion. 8ea- 
cir, and sea-hat king are powerful 
adjuncts. Coca, by gently stimulat- 
ing the test-organ, is especially effec- 
tive in this disease, a wineglassful of 
Mariani coca wine being given t.i.d. 
Static electricity, by causing reflex 
contraction of all peripheral arte- 
rioles, is very beneficial. 


Neuritis, treated in full 1520 

Night-sweats 1215 

Obesity 1145 


A condition due to deficiency of 
adrenoxidase and pancreatic ferments 
in the blood, owing to functional de- 
bility of the adrenal system. The 
carliohydrates being inadequately 
broken down, fat accumulates in the 
subcutaneous and siibserous and other 
tissues. 

Treatment: Besides the familiar 
dietetic treatment, thyroid gland to 


enhance catabolism, but not in the 
large doses usually prescribed, which 
provoke hypercatabolism and greatly 
weaken the patient. From 2 to 
grains t.i.d. are enough to increase 
gradually the lipolytic power of the 
blood. Potassium iodide in increas- 
ing doses can be used instead, when 
thyroid extract cannot be obtained. 
Hyoscine hydrobroirate grain 

t.i.d. assists the reducing process by 
increasing the propulsive activity of 
the arterioles and causing them to 
drive an excess of blood into the fat- 
laden areas. Carlsbad, Horn burg, and 
}farienbad waters owe their virtues 
mainly to the alkaline and purgative 
salts they eontain, especially sodium 
sulphate. As a beverage alkaline 
Vichy uatvr is advantageous to en- 
hance the osmotic properties of tin* 
blood and facilitate the elimination 
of wastes. See also, 1, Diseahkh ok 
THE Tiiyboii) .Apparatus, and, 2, Dis- 
eases OF THE PiTUTTAKY, Vol. I. 

Orchitis 1383 

Osteomalacia 1145, 1258 

Osteomyelitis 1145 

Otorrhma 1.387 

Paralysis Agitans. . 1223, 1324, 1325 

Pericarditis 1388 

An inflammation of the pericar- 
dium which occurs when, owing to 
the presence in the blood of the tox- 
ins of various bacteria, the pneumo- 
coccus, the strcptococreiis pyogenes, 
the tubercle bacillus, the gonococcus 
and others, toxic waste products, in- 
flammatory foci, etc., the adrenal sys- 
tem is insuflicicntly stimulated to 
cause the appearance in the blood of 
a large quantity of auto-antitoxin 
and thyroiodase, to expose the serous 
membranes to autolysis. In the acute 
fibrinous form, the pericardial sur- 
face is merely eongested and found 
|3ost-morteni covered witli a layer of 
fibrin; in the sero-fibrinous variety, 
a serous exudate, varying from a few 
ounces to three pints, occurs besides 
the foregoing; in the purulent form 
the exudate becomes purulent owing 
to the immigration of phagneytes. 
All these are various stages of’ the 
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proteolytic or digestive process to 
which the serous membrane is ex- 
posed. 

Treatment: This complication is 
due to the fact that saline solution is 
not used in febrile processes to pre- 
serve the normal fluidity of the blood. 
Hyaline beverages and saline solution 
hypodermically with rest in the re- 
cumbent position arc the best meas- 
ures to adopt during the acute dis- 
ease. 

Potassium iodide is eontraiiulicated 
during the acute stage, but may be 
used advantageously to i)romote ab- 
sorption of the eifusion during eoii- 
vnlescenee. In the purulent form 
paracentesis is often necessary io 
evacuate the pus. 

Peritonitis 1340, 1377 

In the form which occurs irrespt'c- 
tive of any perforation, injury, etc., 
under the influence of pyogenic 
staphylococci or streptococci, the 
colon bacillus, the gonococcus, etc., 
the cause is the same as in jiericar- 
ditis, viz., autolysis of the serous 
membrane owing to excessive diges- 
tive activity and viscidity of the 
blood circulating in its capillaries. 

Treatment: J/ypodermoclysis or in- 
travenous injection of saline solution 
to reduce at once the proteolytic ac- 
tivity of the blood, in addition to the 
usual dietetic precautions. 

Pernicious Anaemia, treated in 


full 1778 

Pertussis, treated in full 1716 

Plague, treated in full 1807 


Pleurisy 1108, 1346, 1388 

Inflammation of the pleura, is due 
to the same causes as f)ericarditis, 
and the pathogenesis of its various 
forms is similar. 

Treatment: The same as in ])cri- 
carditia ( q.v. ) . 

Pneumonia, treated in full 1659 

Progressive Anaemia. See Pernicious 
Anaemia. 

Puerperal Eclampsia, treated in 


full 1473 

Pulmonary Tuberculosis, 

treated in full 1609 


Pyaemia. See Septic Diseases. 

Babies, treated in full 1486 

Ballway Spine. See Traumatic Neu- 
rosis. 

Bheumatism, Acute, 1145, 1168, 1282, 
1289, 1293. 

Due to the presence in the blood 
of any toxin, or toxic, especially to.xic 
wastes derived from excessive tissue 
metabolism, capable of exciting vio- 
lently the tcst-orgain and of increas- 
ing to an abnormal degree, therefore, 
the functional activity of the adrenal 
sj^stem. The proportion of adrenoxi- 
da.se in the blood being very greatly 
increased, as shown by the tendency 
to hyperthermia and the aniemia 
(due to haemolysis), there occur (1) 
hyperconstriction of all vessels owing 
to excessive metabolism in their mus- 
cular coats and ns a result hyper®niia 
of all capillaries (which are not pro- 
vided with such a coat), including 
those of the serous membranes, espe- 
cially those of the joints, and (2) ns 
the rt'sult of hyperoxygenation of the 
pancreas and leucocytogenic tissues 
and liypcrstimulation of the thyroid 
apparatus, an accumubition of auto- 
antitoxin and thyroidase in the blood, 
and th(‘refore in the plasma or serum 
effused in the joints, serous mem- 
branes, glandular elements, etc. 
Hence the swelling, heat, severe pain, 
accumulation of fluid, and the in- 
tlanimatory lesions including erosion 
in the joints; hence also the marked 
predilection of serous membranes, 
the pericardium and endocardium, the 
myocardium, the tonsils, etc., to in- 
dammation; hence, finally, the fi- 
brous adhesions in the joints and 
around the neighboring structures 
which provoke ankylosis. 

While the toxins of various bac- 
teria, the staphylococcus ci trims, the 
micrococcus lanceohitus, the gonococ- 
cus, may stiinulati^ the test-organ 
aiifliciently — i^specially in individuals 
in whom this organ is hypersensitive 
— to provoke acute rheumatism, it is 
caused in most cases by intermediate 
toxic waste-products which appear in 
the blood as a result of exposure to 
cold and the resulting hypocatabolism 
— the cellular trypsin failing, when 
the local temperature is below nor- 
mal, to break down adequately worn- 
out cell material. 



SUPPLEMENT. 


1869 


Treatment: Prompt diminution of 
the blood^s relative asset in auto- 
antitoxin and thyn)iodase by the use 
of saline solution intravenously. ITy- 
podermoelysis is also, effective, but 
less sq. Larg(» injections at 110® F. 
should be used. The blood being 
diluted, metabolism in the muscular 
coats of the arteries is reduced and 
the hypereonstrietion likewise. To 
sustain this ofFeer, chloral hydrate^ 
wliioh not only depresses the vaso- 
motor center Imt the test-organ as 
well, thus reducing the proportion of 
auto-antitoxin aiul thyroiodase ]>ri»- 
duced, and counteracting not only the 
disease itself, but preventing also the 
dangerous com plications it entails. 
Salicylic acid and the salicylates are 
not curative in rheumatism; by stim- 
ulating the sympathetic center they 
cause marked constriction of the arte- 
rioles, and subdue the pain bv reduc- 
ing the volume of blood admitted into 
the inflamed area. The hyperconstric- 
tion of the arterioles produced by ex- 
cessive doses tends to cause cardiac 
arrest by preventing the access of 
blood to the heart-muscle. Acetani- 
lid and morphine, wliich arrest pain 
in the same way, are safer agents. 

nhenmatlsm, Husoular. 

Differs from acute rheumatism 
(q.v.) only in that the muscles bear 
the brunt of the capillary hypertfimia 
and that the toxic wastes due to the 
bypocatabolism that folloAvs exposure 
to cold are the usual exciting cause. 

Treatment: The salicylates suffice 
in this disorder to rapidly counteract 
pain, especially if alkaline Vichy is 
taken simultaneously in large quan- 
tities. 

Eheumatlsm, Chronic. 

Differs from the foregoing in that 
the cause of the disease is inadequate; 
catnl)olism of tissue wastes and exci- 
tation, by the toxic products formed, 
of the vasomotor center. While the 
pathogenesis of the joint lesions in- 
cludes more or less increase of the 
vascular tension as in the acute form, 
therefore, the original cause is en- 
tirely different. It may also l)e 
brought on by cold and the resulting 
increase of products of hypocatalml- 
isin this entails, but this only aggra- 
vates a pre-existing tendency in the 
same direction due to depression of 


the functional activity of the adrenal 
system, the disease* occurring in de- 
bilitated or prematurely old individ- 
uals, the poor, the overworked, etc. 
Hence the chronicily of the disease, 
the primary cause being a more or 
less permanent dyscirasia. 

Treatment: The salicylates afford 
but tenijiorary relief in this form of 
rheumatism. The pathogenic factor 
lieing irritation of the vasomotor cen- 
ter i>y tt>xie wastes, the cauKc of the 
disease can only lie eliminated by 
agents which enhance (*atabolism. 
Thyroid yland in small doses or a 
ixiursc of the iodides is efficient, in 
this connection. Volchirum, which 
excites the sympathetic center and the 
tc.st-organ, is valuabh; in this con- 
nection. 10 drops of tne tincture be- 
ing given every thrin; hours w’itir 5 
grains of potassium iodide during 
actitt; attacks, until slight diarrluca 
appears. Potassium bromide, 15 
grains on retiring, depresses sulfi- 
ciently the vasomotor (‘enter to af- 
ford additional relief, colchi(nim be- 
ing also an analgesic. Saline solu- 
tion hypodermically hastens tlu; cura- 
tive process by facilitating the elim- 
ination of the pathogenic wastes. In 
this form, the toxic wastes, as in 
gout, increase greatly the local irri- 
tation in the joints; heat or dry hot 
air, by increasing the digestive activ- 
ity of the auto-antitoxin in the ef- 
fiKsed fluids, affords a great deal of 
ndief. Massaye is efficient through a 


similar pro(X‘ss. 

Rhinitis, Chronic 1.117, 1387 

Rickets 114.5, 1258 


Rose Cold. Stfe Ilypcnesthctic Rhin- 
itis. 

Rubella (German Measles). 

A mild contagious disease bearing 
some analogy to rubeola and scarla- 
tina, is due to an undetermined toxic 
or toxin which moderately excites 
the vasomotor center, and by thus 
provoking gtmeral vasoconstriction 
causes bypora'inia of the peripheral 
capillaries and ac'cumulation of the 
specific toxic. The irritating action 
of the hitt(‘r on the skin while this 
organ is attempting to eliminate it 
is the cau.se of the rash, the specific 
character of which is determined by 
the mode of irritation produced. 
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Tlie specific poison also excites the 
test-organ, however, and jthe blood’s 
auto-antitoxin and thyroio'dase lieiug 
soon increased, tlie pathogenic toxic 
is destroyed. 

Treatment: The prognosis being 
invariably favorable, the only meas- 
ure indicated is one that will hasten 
recovery: calomnl in small. ^o^s fre- 
quently repeated, by exciting the test- 
organ may be used to antedate the 
specific poison and cause prompt ap- 
pearance of an excess of niito-anti- 
toxin to destroy the latter. Free 
drinking of tenter to facilitate the 
antitoxic process and insure elimina- 
tion of wastes while protecting the 
kidneys is> an important feature of 
the treatment. 

Bnbeola (Keasles). 

An extremely contagious disease, 
due to an unidentified toxin which 
excites the vasomotor center, thus 
causing (as in rubella) general vaso- 
constriction and hypertemia of the 
peripheral capillaries. Hence the 
conjunctival congestion, the naso- 
pharyngo-bronchial catarrh, and the 
rash due to irritation of the skin 
by the specific poison while it is be- 
ing eliminated. The peripheral hy- 
persemia is such in some oases that 
Inemorrhage into the skin is caused, 
constituting the **h(rmorrhagic** or 
**hlack** measles observed in adults. 

The poison by exciting the test- 
organ also provides, in the vast ma- 
jority of cases, for its own destruc- 
tion by thus promoting the formation 
of an excess of auto-antitoxin and 
thyroiodase (opsonin) in the blood 
which finally destroys the patho- 
genic poison. 

The complications may be of the 
sthenic type, i.e., broncho-pneumonia 
due to excessive congestion of the 
pulmonary capillaries, lar^mgitis, 
neuritis, myelitis, etc., all due to ex- 
cessive vasoconstriction, an<l, when 
the circulation is impeded, aural and 
ophthalmic disorders, stomatitis, etc.; 
or of the asthenic type: pneumonia, 
tuberculosis, or ulcerative aural or 
ophthalmic disorders, due to the vul- 
nerable condition in which the dis- 
ease leaves the body, and which lasts 
until the overworked adrenal system 
resumes its normal activity. 

Treatment: Tf the case is seen 
early, calomel or the hiniodide of 


mercury in small frequently repeated 
dosesj and the free use of cold water 
as a beverage .will often curtail the 
disease by stimulating the adrenal 
system, thus insuring prompt de- 
struction of pathogenic toxin by the 
excess of auto-antitoxin produced. 
If the rash is already clearly defined, 
the aim should be to counteract the 
excessive vaiMiulnr tension while en- 
hancing the antitoxic process in the 
cutaneous capillaries. Aconite by 
depressing the sympathetic center 
accomplishes this purpose; the arte- 
rioles being dilated, the volume of 
blood in transit through the capil- 
laries is increased and the antitoxic 
process is active in proportion. Tn 
mild cases, sweet spirit of niter, 
which depresses the vasomotor center, 
suffices. Saline solution used freely 
as a beverage reduces markedly the 
vascular tension by preserving the 
blood’s normal fluidity. This goes 
far towards preventing complications. 

Sapraemia. See Septic Diseases. 

Sarcoma. Sec Cancer. 

Scarlatina. 

A contagious disease due to the 
toxin of an unidentified organism, 
which toxin excites violently both 
the vasomotor center and the test- 
organ. . Hence the high fever which 
characterizes the disease, the febrile 
process being supplemented by in- 
tense hyperemia of the cutaneous 
capillaries which occurs as a result 
of the excessive vascular tension. 
Hence also the widespread blush or 
uniform redness which characterizes 
the eruption and its disappearance 
on pressure, the latter causing a mo- 
mentary depiction of the capillaries. 
The strawberry tongue, the severe 
congestion of the entire respiratory 
tract, the htemorrhagic extravasa- 
tions, epistaxis and liiematuria, oc- 
casionally observed, are all due to ex- 
cessive capillary congestion. This is 
sufficiently great in some instances 
to provoke ‘'complications,” viz., ef- 
fusion into the joints similar to that 
in acute rheumatism; otitis, menin- 
gitis, adenitis, neuritis, etc. 

The most dangerous complications, 
however, are those due to the excess 
of auto-antitoxin and thyroiodase in 
the blood, t.e., inflammation of the 
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BerouB membranes, endocarditis, peri- 
carditis, and pleurisy. Of the ter- 
minal complications, the most fre* 
quent by far is nephritis due to the 
liberation of pent-up waste-products, 
which may appear during the second 
week or later when desquamation is 
nearing completion. 

Treatment: The disease may some- 
times be controlled, if recognized 
early, by calomel given in frequently 
repeated doses until the stools be- 
come greenish. As a rule, however, 
the physician is called when the 
eruption has appeared, t.c., when the 
vasomotor center and the test-organ 
are violently excited by the poison. 
The dangerous features of the disease 
being due to excessive vascular ten- 
sion and autolysis of the serous mem- 
branes, chloral hydrate, which de- 
presses both the excited centers, is 
indicated when the fever is abnor- 
mally high. In the average case, 
however, depression of the sympa* 
thetic center with aconite will lower 
the excessive tension without lower- 
ing the antitoxic power of the blood. 

One important indication in this 
disease is the use of saline beverages 
from the outset in sufficiently large 
doses to insure the elimination of 
wastes as soon as formed by the kid- 
neys, thus avoiding the accumulation 
which later would cause nephritis. 
Saline solution enemata at 105° F. 
are also useful in this connection, be- 
sides keeping the bowels free. 

The naso-pharyngeal cavities should 
be kept as free of discharges as pos- 
sible in order to avoid aural disor- 
ders. A solution of hydrogen per- 
oxide 1 in 3 is valuable for this pur- 
pose when used with atomizer, the 
oxygen liberated increasing markedly 
the germicidal properties of the nasal 
mucus. 

Sciatica. See Neuritis. 

Seminal Emissions 1342 

Septic Diseases. 

Saprwmia caused by putrefactive 
bacteria derived from retained frag- 
ments of placenta, purulent mate- 
rials in wounds, etc.; septicaemia, due 
to the pyogenic streptococci and 
staphylococci and other germs which 
invade the blood from a contaminated 
focus; and pywmia, in which venous 


thrombi caused by bacteria provoke 
abscesses, where they occur, are all ag- 
gravated % debility of the adrenal 
system from w^hatever cause, and de- 
ficient alkalinity of the blood, which 
inhibits the bacteriolytic properties 
of its aiito-antitoxin. 

Treatment: Besides the usual sur- 
gical measures, thyroid gland should 
be given in such eases, and alkaline 
beverages or saline solution likewise. 

Shingles. Sec Neuralgia. 

Shook 1175, 1215, 1231, 1258 

Sick Headache. See Migraine. 

Simple Anmmia. See Ansemia. 

Small-pox. See Variola. 

Sporadic Cholera. See Cholera Mor 
bus. 

Stomatitis, Gangrenous. 

In this form of stomatitis, which 
occurs in debilitated children espe- 
cially after measles, the necrosis of 
tissues is due to a deficient nutrition 
owing to depression of the functions 
of the adrenal system. 

Treatment; Small doses of thyroul 
gland added to the usual measures 
do much to insiii’c recovery by in- 
creasing general niiLrition. 

Sunstroke. See Heat-stroke. 

Syphilis, treated in full 1795 

Tetanus, treated in full 1437 

Tetanus, Intermittent. See Tetany. 

Tetany, treated in full 14?9 

Tic Douloureux. See Neuritis. 


Tonsillitis 1158, 1214, 1245 

Torticollis 1215 


Tracheobronchitis. See Bronchitis, 
Acute. 

Traumatic Neuroses. 

Produced by violent shocks such as 
those experienced in railroad acci- 
dents, explosions, shipwreck, etc., are 
due to violent concussion of the 
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sympathetic center, the most sensi- 
tive center of the sensorium com- 
mune. In some instances its func- 
tional activity is depressed; the arte- 
rioles of the entire organism being re- 
laxed, nutrition is imperfect and a 
(‘oiulition resembling neurasthenia 
follows. In others, the sympathetic 
center is rendered hyperaemic, and 
hysteria (q.v.) with all its manifes- 
tations including paralysis and con- 
tractures is induced. In a third class 
of cases, the disturbances of the cir- 
culation form the starting-point of 
various disorders, such as localized 
arterial degeneration, liacniorrhages, 
pachymeningitis, areas of sclerosis, 
optic atrophy, etc. 

Treatinent: That of the diseases 
produced: neurasthenia, hysteria, 

etc. 

Typhoid Fever, treated in full. 1758 

Typhus 1215 

TTlcerative Colitis. See Kntcritis, 
Chronic. 

Uraemia 1357, 1383 

Uricaemia. See (lout. 

Vaccination 765 

Variola (Small-poz). 

A highly contagious disease in sub- 
jects that have not lieen immunized 
l)y vaccination, due to the presence 
in the blood of some unidentified 
toxin or toxins which excite with 
great violence the three centers that 
govern the blood-vuscular system and 
the protective functions of the body: 
the test-organ and its adreno-thyroid 
center, the vasomotor and sympa- 
thetic centers. As a result of the 
vasomotor hyperactivity, all the ves- 
sels of the body arc excessively con- 
stricted, the blood being driven for- 
(dbly by the deeper vessels to the 
cutaneous capillaries, while the sym- 
pathetic hyperactivity increases the 
propulsive activity of the arterioles. 
Tl»e violent excitation of the test- 
organ causing the formation of a 
large excess of auto-antitoxin and 
thyroiodase, the blood thus projected 
forcibly into the cutaneous capil- 
laries and which filtrates into the tis- 
sues, is intensely active as a diges- 


tive agent and the tissues are de- 
stroyed by it, i.c., subjected to auto- 
lysis. Hence the foci of necrosis 
which are formed and, when the pa- 
pillse of the true skin arc involved, 
the pitting. 

This autolysis is not limited to the 
skin; the mucous membranes are 
often macerated and studded with ul- 
cers, and various viscera, especially 
the liver, show areas of cloudy swell- 
ing. The cutaneous hyperromia may 
be such as to produce haemorrhage 
into the tissues, i.e., the Inemorrhagic 
form. 

The face is the seat of the great- 
est number of pock-marks because it 
is nearest to the overstimulated cen- 
ters. 

Treatment: In no febrile disease is 
the use of saline solution more im- 
peratively indicated to dilute the 
blood, reduce its excessive proteo- 
lytic activity, and insure the prompt 
elimination of the enormous quan- 
tity of wastes (due to hypermetabol- 
ism) formed besides the pathogenic 
poison. Both wastes and poison ex- 
cite the v'asomotor center and the 
test-organ and thus keep up the most 
dangerous phenomena of the disease. 
Nothing short of hypodcrmoclysis or 
endovenoiis injections of large quan- 
tities of saline solution is indicated. 

Of the internal remedies that are 
mentioned in text-books, some — mer- 
curial preparations, antitoxin, iodine, 
etc. — are positively harmful. With 
the use of saline solution, the anti- 
toxic process as regards the disease 
itself is not antagonized; it is sim- 
ply kept within safe l)ounds. In cases 
wdiieh resist this measure, the pro- 
teolytic process may be still further 
controlled by chloral hydrate^ which 
depresses both the vasomotor center 
and the functional activity of the 
adrenal system, but the full defen- 
sive action of the blood may be pre- 
served by means of aconite, which 
only depresses the sympathetie center 
and thus reduces the violence of the 
blood-stream that penetrates the 
capillaries and the surrounding tis- 
sues. 

The external antiseptic applica- 
tions in general use are of value in 
that they preserve the skin’s cleanli- 
ness. 

Whooping Cough. See Pertussis. 
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Yellow Fever. 

An acute infectious disease due to 
the toxin of some ns yet unidentified 
microorganism Avhich depresses, or 
paralyzes in severe cases, the sympa- 
thetic center. The pathogemic toxin, 
however, simultaneously provokes a 
violent reaction of the test-organ and 
therefore accumulation in the blood 
of a corrcs|M)ndiiig excess of auto- 
antitoxin and thyroiodase. As all tis- 
sues are thus flooded through their 
dilated arterioles with blood whose 
proteolytic or digestive power is very 
marked, laemolysis and autolysis oc- 
cur. To the passive congestion aro 
due: the flushed face, the swollen 
eyelids, tiie conjunedival and faucial 
congestion, the intense headache, the 
muscular pains, and the want of cor- 
respondence between the temperature 
and the pulse-rate, the central con- 
trol of the arterioles (which through 
their changes of caliber and their 
propulsive activity govern these 
phenomena) having ceased. To the 
stasis in the superheial capillaries of 
the skin and conjunctiva, caused by 
the slowing of the blood-stream, is due 
the yellow coloration of the skin and 
eyes, the tinge being due to oxidation 
of what adrenal principle is left in 
the skin after disintegration of the 
hemoglobin molecule. 'To the exces- 
sive proteolytic activity of the blood 
are due the fatty degeneration and 
necrosis of the hepatic tissue; the 
cloudy swelling of the kidneys; the 
active hjemolysis; the capillary ero- 
sions which cause luemorrhage in 
various tissues including the gastric 
mucosa, the source of the black 
vomit. 

Treatment; If the case is seen 
early the aim should be to check if 


possible tlie increase of the toxin in 
the blood by destroying its source: 
the unidentified pathogenic organism. 
The mercuric hichlovute %o grain and 
sodium hicarhonale 7V(: grains every 
hour (Sternberg), not only forestall 
the pathogenic poison by stimulating 
the adrenal center, thus provoking 
the appearatiee of an excess of auto- 
antitoxin and thyroiodase (opsonin) 
in the blood, but the sodium salt in- 
creases the alkalinity of tlie latter 
and enhances its bacftericidal proper- 
ties. If the morbid process persists 
unchecked, however, the first twenty- 
four hours, the inm-cury should be 
replaced by saline solution intraven- 
ously to increase tin* Iluidity of the 
blood and thus reduce its depressing 
action on the sympathetic centm*, 
which is thus rendered more amenable 
to agents which stimulate it, viz., 
antipyrin or ncetanilid in hourly 
<ioses until the dilated arterioles re- 
sume their normal caliber, as shown 
by the diminution of the facial red- 
ness and the improved cardiac ac- 
tion. To cause further depletion of 
the capillary system of the entire or- 
ganism, potassium bromide or vera- 
irum viridc, which depress the vaso- 
motor, may also be used, the blood be- 
ing thus caused to accumulate in the 
large central arteries. 

jNoiie of these compromise the de- 
fensive properties of the blood, the 
really harmful feature of the disease 
being the dilation of the arterioles 
and the admission of an cirerss of 
blood rich in auto-antitoxin into the 
capillaries. Cold applications, spong- 
ingj are of great value to facilitate 
the dissipation of heat. 

Zona. See Neuritis. 
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